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ABSTRACT 



The concept of integrating language instruction with subject 
matter instruction is not new to language educators It has been attempted 
for many years in adult education, in university programs for foreign 
students, and in specialized language courses for scientists, businessmen, 
and other professionals. To some degree, it has also been a part of 
elementary and secondary school English-as-a-Second-Language programs. The 
collection of essays included in this book- -written by classroom teachers, 
researchers, and teacher educators- -describes some of the ways in which 
English language instruction is being integrated with science, mathematics, 
and social studies in elementary, secondary, and college classes, and reviews 
some of the theoretical support for this approach. Included in this volume 
are an introduction to content-based ESL by JoAnn Crandall and the following 
chapters: (1) "Integrating Language and Mathematics Learning" (Theresa 

Corasaniti Dale, Gilberto J. Cuevas); (2) "ESL and Science Learning" (Carolyn. 
Kessler, Mary Ellen Quinn) ,* and (3) "ESL and Social Studies Instruction" 
(Melissa King, Barbara Fagan, Terry Bratt, Rod Baer). Contains references. 
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Content-Based ESL: 
An Introduction 



*JoAnn Crandall 
(\ ntvr for Appfivcl Linguistics 



Tin* concept of integrating language instruction with subject 
matter instruction is not new to language educators. It has 
been attempted for manv years in adult education, in uni- 
versity programs for foreign students, and in specialized 
language courses for scientists, businessmen vnd other pro- 
fessionals. To some degree, it has also been a part of 
elementary and secondary school English as a second lan- 
guage (ESL) programs. This collection of assays — by 
classroom teachers, researchers, and teacher educators — 
describes some of the ways in which English language 
instruction is being integrated with science, mathematics, 
and social sciences in elementary, secondary, and college 
classes, and reviews some of the theoretical support for 
this approach. 

Writing Across the Curriculum 

The Hli I lock report i 197o> on English across the curricu- 
lum was the first overt expression of a growing movement 
away from the rhetorical, product-oriented writing class— 
divorced from other subject-matter classes — toward an 
approach that views writing as an integral part of any course 
within the curriculum. Although limited attention has long 
been given to business or technical writing at the secondary 
or adult/tert iary level, attention to writing is appropriate in 
all content courses as a valuable means of learning (just as 
talking represents a way of learning). Although the language 
arts or writing teacher has been accorded a special role in 
helping students to find their own voice and to give form to 
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their thoughts and feelings, teachers of mathematics, science, 
social studies, and other subjects also have a responsibility 
to see that writing skills are applied to authentic tasks such 
as lab reports, explanations of principles and theorems, dis- 
cussions of historical causes and effects, or comparisons of 
religious or cultural institutions. Tchudi and Tchudi < 1983 i 
list the following benefits of teaching writing in the content 
areas: 

1. Writ ng about a subject helps students learn. 

2. Writing about content has a practical payoff: Students 

write better when they spend more time writing. 

:5. Content writing often motivates reluctant writers. 

4. Content writing develops all language skills. 

5. Teaching writing teaches thinking. 

Reading in the Content Areas 

A similar trend has developed in the field of reading; Lan- 
guage arts and reading specialists urge that reading he 
taught in all content areas, while they, in turn, introduce 
texts in their reading classes that are relevant to and repre- 
sentative of those that students will read in their content- 
area classes. This change has required reading teachers to 
teach more than literature and mathematics, science, and 
other subject-matter teachers to teach more than their sub- 
ject matter. Since reading is a way of acquiring information 
and learning, it is a skill to he addressed in all classes. The 
purposes for reading, the types of texts presented, and the 
kinds of reading ski Ms required differ hv discipline and task: 
students need to acquire a variety of skills that they can 
apply to their reading assignments, whether reading for 
informal inn, for pleasure, or for guidance in performing a 
task, ('ontent -area teachers must recognize that they, too, 
are leading teachers: likewise, reading or language arts or 
Knglish teachers must understand that their content may 
go beyond literature. 

A great deal of research has been published on tile types 
of texts and the kinds of skills and strategies involved in read- 
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ing in the content areas; the literature also includes descrip- 
tions of program models and curricula that integrate reading 
with content areas (Dupuis, 1984; Herber, 1978; Vucca, 1981 ). 
Dupuis (1984) found that "'Over twenty textbooks are cur- 
rently published to teach teachers how to deal with reading 
in content classrooms’* (p. 2i. although some subject-matter 
areas, such as mathematics, science, and social studies, have 
received more attention than other areas, such as music, 
health, and physical education. 

Content in Language Instruction 

While reading and writing theorists and practitioners 
have been concerned with using reading and writing to learn 
( not just helping students to learn to read and write), a similar 
trend has been evident in language instruction, where the 
focus is not just on learning the language, but in using it as a 
medium to learn something else. Although traditional 
language teaching has focused on grammar or literature, and 
more recently, on communicative competence or language use 
in a largely oral and interpersonal sense, a number of different 
segments of the language teaching profession have recognized 
the importance of focusing on content as well as language. 

In English-for-specific-purposes (KKFb curricula, the goal 
of language instruction is to provide access to texts, semi- 
nars, lectures, and, broadly, the entire disciplines of such 
fields as engineering, science or technology, business or eco- 
nomies, medicine, law. or other professions. In teaching the 
particular vocabulary, discourse styles, anti syntax of science 
texts, written or oral, the KSP course uses materials and ac- 
tivities drawn from ihe field, focusing on the ways in which 
the language is used to convoy or represent particular 
thoughts or ideas. Within adult KSL programs, the focus of- 
ten shifts to skilled or semiskilled jobs, with special-purpose 
Knglish courses designed to assist adults in becoming weld- 
ers, electronic assemblers, technicians, clerical workers, and 
the like. In both adult KSL and KS1\ the integration of lan- 
guage and content is accomplished through coordinated 
efforts of teachers in both fields and the language teacher s 
use of texts ( somet imes simplified or adapted > and activities 
drawn from the field of study. 
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Foreign language <FL» instruction, too. has focused on 
academic content. In FL immersion programs, in which chil- 
dren receive all or part of their education through the 
medium of another language, they acquire the language while 
learning the academic content of mathematics, science, or 
whatever portion of the curriculum is taught through the lan- 
guage. The desire to develop optimal ways to present this 
content to keep it understandable to the student who is only 
beginning to learn the language of instruction parallels the 
concerns of content-based ESL teachers. 

Within the field of ESL, models abound for combining lan- 
guage and content instruction. One of these, ESP, was 
discussed previously. Another model teams ESL teachers in 
an adjunct relationship with academic subject-matter teach- 
ers in a particular field. Public schools offer sheltered 
immersion programs, in which the subject-matter teacher 
uses the insights of the FL immersion class and the content- 
based ESL or ESP class to provide understandable content 
in English-medium instruction to students with limited Eng- 
lis *, In both FL immersion and sheltered immersion 
pi ogrnms, according to Curtain \ 198(5 1 : 

1. There is a focus on meaning rather than on form. There 
is no overt error correction. 

2. Linguistic modifications, such as simplified speech and 
controlled vocabulary, which are necessary for compre- 
hensible input, are used. 

-L Instructional language has contextual clues to help con- 
vey meaning. 

L ( ’on versat inna! interact ion - usually tin* subject con- 
tent — is interesting and real to the students. 

5. Languages of instruction arc kept very carefully sepa- 
rated. 

(>. Students are allowed a silent period and do not base 
to speu k until they are ready. 
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Why Content-Based Instruction? 

The basses for the increasing interest in content-based lan- 
guage instruction are varied. Developments in second 
language acquisition theory and insights from practice within 
the 1 various fields of language instruction have both fueled 
the interest. 

Within second language acquisition theory, perhaps the 
most important influence has been an emerging emphasis 
on the role that meaningful, understandable input plays in 
the acquisition of another language. Kras hen (1981, 1982) 
has drawn parallels between first and second language ac- 
quisition and has suggested that the kinds of input that 
children get from their caretakers < "caretaker speech' > should 
serve as a model for teachers in the input they provide to 
second language learners, regardless of age. Input must he 
comprehensible to the learner tat or just above* the learner's 
level) and be offered in such a way as to allow multiple op- 
portunities to understand and use the language. Krashens 
“Monitor Model" suggests that if comprehensible input is pro- 
vided and the student or acquirer does not feel a great deal 
of anxiety, then acquisition will take place. 

One way of reducing the anxiety and also increasing the 
potential relevance and meaningfulness of the language 
learning experience is to provide interesting texts and ac- 
tivities. Kras lion has emphasized the importance of extensive 
reading for pleasure as a means of language acquisition, as 
well as the role of writing. He recommends using texts and 
activities that are not grammar or drill based, but instead 
are interesting and authentic, dealing with real-world ideas, 
problems, and acti vit ies I Krashen . 1982). 

Krashen posits a dichotomy between acquisition and 
learning, with one i acquisition * serving to initiate alt language 
and the other » learning ' serving only as a monitor or editor, 
activated when the learner has time and is focusi ng on t he cor- 
rect ness of his or her language t Krashen. 1981 ». Thus, he 
stresses natural acquisition opportunities that art* structured 
only enough to make them comprehensible to the acquirer. 

In another dichotomy. Cummins i 1979. 1981 ) has hypoth- 
esized two different kinds of language proficiency: basic in- 
terpersonal communication skills (BIOS), which are language 
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skills used in interpersonal relations or in informal situa- 
tions whose extralinguistic and linguistic context provide 
relatively easy access to meaning; and cognitive academic 
language proficiency (CALP), which is the kind of language 
proficiency required to make sense of and use academic lan- 
guage in less contextually rich (or more context-reduced) situ- 
ations. Cummins suggests that BICS are relatively easy to 
aequo e. taking only 1 to 2 years, but that CALP is much more 
difficult, taking from 5 to 7 years and necessitating direct 
teaching of the language in the academic context. 

Given Cummins’ hypothesis, it is somewhat easier to un- 
derstand why students who have left ESL classes to enter 
mainstream classes (where English is the medium of instruc- 
tion! often have difficulty and fall further and further behind 
in their academic work. Their seeming communicative compe- 
tence and fluency are deceptive; although they can talk with 
their peers, engage in informal conversation with their teach- 
ers. read simple narratives, or write informal notes or letters, 
they are not able to deal with the more abstract, format, con- 
textually reduced language of the texts, tests, lectures, or dis- 
cussions of science, mathematics, and social studies. 

Many content-based ESL programs have been designed 
to provide students with an opportunity to learn CALP. as 
well as to provide a less abrupt transition from the ESL class- 
room to an all -English -medium academic program. 
Content-based ESL courses — whether taught by the ESL 
teacher, the content-area teacher, or seme combination — pro- 
vide direct instruction in the special language of the subject 
matte!', while focusing attention a> much or mure on the sub- 
ject matter itself 

This Collection 

This combined focus-' on the subject matter and the Eng- 
lish that is used to communicate it — is the basis for this 
collection of essays. The authors of the three essays repre- 
sent a broad range of experience as practitioners and 
researchers. They share a commitment to explor ing the ways 
in which content and language instruction can best he inte- 
grated. and they are all relative pioneers in this endeavor. 
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The authors of “ESL and Science Learning** are a teacher 
educator (Kessler) and a university pi ofessor who has taught 
science and mathematics at the elementary, secondary, and 
college levels (Quinn). Together, they have undertaken a 
number of experimental or pilot science programs, develop- 
ing curricula ar.d activities to enable the limited-English-pro- 
ficient <LEP) student to understand and take part in the sci- 
ence program and documenting the kinds of progress made. 

Dale and Cuevas, the authors of “Integrating Language 
and Mathematics Learning/' have worked together on a num- 
ber of mathematics projects for LKP children, with Cuevas 
bringing the mathematics insights and experience (as well 
as sensitivity to language issues in mathematics), and Dale 
bringing the linguistic insights and experience*. Both have 
taught at a number of levels: Cuevas ; s a teacher educator 
and Dale has worked with both elementary school children 
and college freshmen and sophomores. Much of their work 
has involved the investigation of linguist it* harriers to math 
problem-solving and the development of materials and cur- 
ricula to deal with them. 

The authors of “ESL and Social Studies Instruction" art* 
all ESL specialists and teachers who work together in out* 
school s\> cm. They have developed one of the first secondary 
school K. L programs to address both the cultural and 
linguistic requirements for ESL students to function 
effectively in American social studies classes. In addition to 
their practical experience* developing curricula and materials, 
several members of the team have also been involved in 
teacher education, providing another source of insight ; nto 
the kinds of problems inherent in integrating language and 
ctmtent instruct ion. 

These three* essays provide an excellent introduction to 
the rationale for integrating language and content instruc- 
tion and offer concrete examples of ways in which this 
integration can he accomplished. Although the focus is on 
ESL. the insights can he applied to other languages as well 
and may lead the language* teacher to consider the* materi- 
als and activities of other fields as a kind of content — to he 
used alongside the focus on language structure and the 
culture)*) of people who speak the language- —adaptable for 
usi* in tin* language classroom. 
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The use of content from other fields offers the language 
teacher an opportunity to enrich the language classroom. By 
providing a more interesting class, teachers motivate stu- 
dents to master the more abstract and difficult language that 
characterizes the various content areas. Communicative com- 
petence is more than appropriate informal use of the 
language; it also includes the ability to read, discuss, and 
write about complex and abstract ideas drawn from history, 
science, mathematics, or any educational field. 
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Integrating Language and 
Mathematics Learning 

Tlu'resa ('orusaniti Dnle 
C 'enter for Applied Li npui sties 



Gilberto J. C uevas. Ph.I). 
I r n i ri'rsi ty of 'Miami 



Picture a seventh- or eight h-grade classroom in which about 
half the students are nonnative English speakers with vary- 
ing degrees of English proficiency. The teacher is about to 
present a mathematics lesson dealing with the properties of 
equality. She begins by writing the following on the black- 
boa rd: 

y h +5 i + 4 (> + < 5 + 4 » 

She points to the number sentence* on each side of the empty 
square and asks the class: “Arc* they equal?" An English-pro- 
ficient student answers: “Yes. they are." The discussion 
conti nues: 

Teacher: (pointing to n I inti fed En, aft sh pro f'n-ient *LEP> stu- 
dent t How do you know? 

l.KP Student: They equal. 

Teacher: Yes. we know. Hut. tell me. why are they equal? 
LEI* Student: If is equal. 

Teacher: ( ),K, The\ are equal hc*cause In it h number snUciircs 
have* the same sum. Now. what symbol can we write in 
t he empty square 1 ? 

Nhitive-English-Spenking Student: Equal sign! 
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Teacher: Right! Very good! (note pointing to an LEP st intent t 
Please write the equal sign inside the square. 

LEP Student: d)hi iously not quite sure of ' what it is she is 
supposed to do. she goes to the hoard and writes the an- 
swer to each number sent enee.> 

Teacher: Good! Tell me what symbol do we write in the square 
to say that this side (pointing) \se(fual to this side? 

LEP Student: i Appears embarrassed, toicers her hecuf. and 
does not ansa <0: j 

After class, the' teacher wonders how to reach LEP stu- 
dents like 1 the one in this scene. She knows these students 
are intelligent and eager to learn, but she feels frustrated 
because she cannot get them to express the mathematical 
knowledge she thinks they have Her concern is compounded 
when she tries to devise ways to teach LEP students whose 
knowledge of mathematics is also weak. 

This is just one illustration of the fact that teaching in- 
volves frequent communication between teacher and 
students. When the dialogue is conducted in a language 4 un- 
familiar to the students, difficulties are likely to arise. Morris 
< 1975) describes the nature of the problem: 

The problems of teaching in a second language are 
accentuated when mathematics is the context of'lho 
dialog. This is due essentially to the abstract nature 
of mathematics and the difficulties which arise in 
absorbing abstract concepts. Also, the language 
used has to he precise, consistent, and unambigu 
ou-. if mathematical ideas are In be explored and 
described effectively. And for dialog In become pos- 
sible. the child must be (‘quipped with a basic 
repertoire of linguistic concepts and structures, 
i p. o'Z i 

Morris's statement underscores the importance of teach- 
ing the special language skills required for mathematics 
learning. Mastering “mutlicmut ics language" skills is essen- 
tial for all students, hut it is particularly erucial for students 
learning mathematics in English us a second language t ESL). 
This chapter discusses the integration of mathematics and 
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language skills in two contexts; (a) incorporating mathemat- 
ics content into ESL instruction and ib> incorporating English 
teaching strategies into mathematics instruction. The follow- 
ing topics will be addressed: 

• the nature of the language used in mathematics, includ- 
ing some of the features that may be problematic for LKP 
students; 

• the role language plays in the context ofteaching and learn- 
ing mathematics, with special emphasis on learning 
mathematics through a second language: and 

• practical instructional strategies and activities for promot- 
ing mathematics and English language skills development 
with LEP students in both th< ,'Sl. and the mathematics 
classroom. 

The Language of Mathematics 

What is meant by the language of mathematics? How is 
it different from the language used for everyday communi- 
cation tasks? The English language represents a universe of 
language skills, and certain areas of language are used for 
specific purposes, Natural language, the language used in 
everyday communication, is one of the components, or sub- 
sets, of this universe. The language used to discuss computer 
technology and that used for scientific topics are two other 
subsets. In linguistics, these subsets of language are referred 
to as tvti'i&tvrs. 

The language register for mathematics is composed of 
meanings appropriate 1 to the communication of* mat heniati- 
cal ideas together with the terms or vocabulary used in 
(expressing these ideas and the structures or sentences in 
w hich these terms appear < I Lil liduy. 1975). Like other regis- 
ters of English, the mat hematics register includes unique 
vocabulary, syntax (sentence structure*, semantic properties 
< truth conditions), and discourse <te\t i features. 

Vocabulary 

Mathematics vocabulary includes words that are specific 
to mathematics, such as itirisnr, </• 'tmmmufor. tfi/nfrt'nt , and 
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coe/'fieienf . These words art* new to most students. However, 
the mathematics register also includes everyday vocabulary 
that takes on a different meaning in mathematics. These 
words, such as equal , rational , irrational * column , iind table, 
must he relearned, this time in a mathematics context, be- 
cause they have a different meaning in mathematics. 

In addition to isolated vocabulary items, the mathemat- 
ics register uses its special vocabulary to create complex 
strings of words or phrases. In these phrases, often two or 
more mathematical concepts combine to form a new eonce pt. 
compounding the task of comprehending the words. The 
phrases {oust iiunmun multiple and negative exponent * and 
oven an apparently simple phrase such as a quarter of the 
apple. s\ are good examples showing tin* complexity of math- 
ematical terms, 

A subtle?* and much more dif ficult aspect of mathematics 
vocabulary involves the many ways in which the same math- 
ematics operation can he signaled. As students progress 
through the hierarchy of mathematics skills, manipulation 
of this vocabulary becomes crucial for understanding the 
teacher's explanations in class and for solving word problems. 
(Vandall, Hale, Rhodes, and Spanns < 19Hni have identified 
groups of lexical items in beginning algebra that indicate cer- 
tain operations. For example, students must know that 
addition can he signaled by any of these words: 

add and 

plus sum 

combine increased by 

Similarly, subtraction can he signaled by these words: 

subtract from minus 

decreased by differ 

less less than 

take away (a /ess sophisticated term commonly used 
by children) 

It is important to remember that when talking about the 
vocabulary of the mathematics language register i or any reg- 
ister*. the meanings of the terms are related to the context 
in which they art* used. Hence it is not enough for students 
to learn lists of words. Thev must learn what thev mean in a 
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particular mathematical expression. Fur example, students 
are taught early in their mathematics education that the 
word by signals multiplication, as in the expression, o' mul- 
tiplied by 10. However, they later encounter algebraic 
expressions such as a number increased by 10 and discover 
< sometimes the hard way!) that by in this case is part of an 
expression that signals addition. In fact, prepositions in gen- 
eral and the relationships they indicate are critical lexical 
items in the mathematics register that can cause a great deal 
of confusion. Another example is dii tiled by as opposed to 
divided into 'Crandall, Dale, Rhodes, & Spams. 1985, p. 11 ). 

In addition to words and phrases particular to the math- 
ematics register, some examples of which have been given, 
there is the set of mathematical symbols used in expressing 
mathematical concepts and processes. These items are auto- 
matically associated with the symbolic language of 
mathematics. As symbols that stand for a particular mean- 
ing in mathematics, they can he thought of ms mathematics 
vocabulary. The symbols used for operations < adding, divid- 
ing. etc.) are the most commonly known. As students move* 
through the mathematics curriculum, the number of sym- 
bols used increases, and their meanings become more 
conceptually dense. Students must learn to relate symbols 
such as >, <, and parentheses and brackets to mathematics 
concepts or processes (usually themselves couched in math- 
ematics language), then translate these into everyday 
language in order to express the mathematical ideas embed- 
ded in the symbols. 

It is important to remember whim discussing mathemati- 
cal symbols that some symbols play different roles in different 
countries. In a number of countries, for example, a comma 
is used to separate whole numbers from decimal parts— the 
function of the decimal point in the I’nited States — anil the 
decimal point is used as t lie comma is in the luiited States, 
to separate hundreds from thousands, hundred thousands 
from millions, and so on. 

Syntax 

The mathematics language register includes, as all reg- 
isters do. special syntactic structures and special styles of 
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presentation. Knight and Hargis ( 1977 i point out that since 
mathematics is a study of relationships, comparative struc- 
tures are an essential and recurring part of mathematics 
language. They are difficult structures for many students to 
master. The following are some examples: 



greater than/less than 


as in 


all numbers greater than 4 


n times as much 


as in 


Hilda earns six times as much as 1 
do. Hilda earns $40,000. How 
much do l earn? 


as ... as 


as in 


Wendy is as old as Miguel 


-er than 


as in 


Miguel is 3 years older than Frank 
Frank is 25. 

How old is Wendy? 



Munrn <1979i cites a number of other frequently used 



structures in mathematics that are also potentially confus- 
ing. They include the following structures (with examples 
taken from Crandall, Hale. Rhodes. & Spanos. 1985 >: 



numbers used as nouns 
(rather than adjectives) 


as in 


Twenty is five times a certain 
number. What is the number? 


prepositions 


as in 


eight divided by four and eight into 
four 




as in 


two multiplied by itself two times 
(multiplication) and x exceeds two 
by seven 


passive voice 


as in 


ten (is) divided by two 


or. 


as in 


x is defined to be equal to zero 


or. 


as in 


When 15 is added to a number, 
the result is 21 Find the number. 



< )ne of t he principal characteristics of the syntax used in 
a mathematical expression is the lack of one-to-one corre- 
spondence between mathematical symbols and the words 
they represent. For example, if the e xpression, right rfn itir (/ 
hy 2. is translated word-for-word in the order in which it is 
written, the resulting mathematical expression iS\2 would he 
incorrect. The correct expression is *2\H. Similarly, to trans- 
late correctly the expression, thn st/uorr of the qm>fit>nf of a 
and h . students must know that the first part of the expres- 
sion. thv s quarr of, is translated last and that the phrase 
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starting with quotient requires the use of parentheses to sig- 
nal the squaring of the entire quotient. The correct 
mathematical expression in this case is <a/b)-\ 

This lack of one-to-one correspondence poses considerable 
difficulty for students, particularly LEP students, who tend 
to read and write mathematical sentences i presented either 
in symbols or in words or both i in the same manner in which 
they read and write standard orthography < Kessler, Quinn, 
& Hayes, 1985 g Understanding that there is no one-to-one 
correspondence between mathematics symbols and their 
English translations becomes crucial for students who are 
attempting It) make progress through the hierarchy of math- 
ematical concepts. In their work with LEP high school and 
college students in basic algebra classes, Crandall, Dale. 
Rhodes, and Spanos <1985i have documented recurring er- 
rors in translations of the language of word problems into 
solution equations. They found that students tend to dupli- 
cate the surface syntax of the problem statements in their 
algebraic restatements. For example, students often incor- 
rectly translated the sentence. The number a is five less that j 
the number h as a = 5 h. when the correct translation should 
be; a = b — o. 

Another major characteristic of the syntax of the language 
of miit hematics is its frequent use of logical connectors. 
Dawe’s <198>H study of LEP students showed that the cor- 
rect use of logical connectors was the one factor that 
differentiated those students who could reason mathemati- 
cally in English from those who could not. The result - were 
consistent for both LEP and native English speakers. 

Logical connectors are one linguistic device mathemat- 
ics texts use to develop and link abstract ideas and concepts. 
Some of these connectors include if. . . then. /('and nrtfy //'. 
because, that is. f or t xatnpie. sueh that, hut . er niseqtten (i v, and 
either . . . nr. As Kessler. Quinn, and Hastes i I9S5 i point out: 

Logical connecters are words or phrases which 
carrv out t li c function of marking a logical 
rclat innshi p between two or more basic linguistic 
structures. Primarily, logical connectors serve a 
semantic, cohesive fmntion indicating the nature 
of t he re hit inn ship het ween parts id a text . ' p. 1 1 ■ 
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When students read mathematics texts, they must he able 
to recognize logical connectors and the situations in which 
they appear. They must know which situation is signaled — 
similarity, contradiction, cause and effect, or chronological 
or logical sequence < Celce-Murcia & Larsen -Freeman, 1983). 
On the level of syntax, they have to know where logical con- 
nectors appear in a sentence fat the beginning, middle, or 
end of a clause), and they must be aware that some connec- 
tors can appear in only one position, while others can appear 
in two or all three positions, and that change i josition can 
signal a change in meaning. 

Examples abound in algebra texts of logical connectors 
used in definitions and to characterize properties — concepts 
that students must understand and apply in order to solve 
algebraic problems. These connectors most often appear in 
complex statements using both words and symbols, as in the 
following examples. 

In a beginning algebra text, the Axiom of' Op/jotiitvs is 
stated as: 

For every real number a there is a unique real numoer -a. 
such that 

a (-a) = 0 and (-a) + a = 0 

The text then offers the following elaboration of the axiom: 

1. If a is a positive number, then -a is a negative number; if 
a is a negative number, then -a is a positive number; if a is 
0. then -a is 0. 

2. The opposite of —a is a ; that is. (-a) - a. 

iDnleiani & Wooten. 1970. p. 77) 

It is not hard to imagine nut i ve-Engl ish-spenki ng stu- 
dents having difficulty piecing together the logical statements 
in this section of text. Clearly, LEI* students might have even 
more difficulty with it. 

This complex example is taken ( i om a level of mathemat- 
ics that most students generally do not face until they are at 
least in . junior high school. It is important to note that LKP 
students' ability to manipulate logical connectors appears to 
be tied into a developmental sequence. It is very possible that 
younger LEP students categorically have more problems with 
logical connectors than older students < Piaget, 192b; Tritch, 
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cited in Kessler, Quinn, & Hayes, 1985). Younger students 
often seem mystified by the use of logical connectors such as 
if in relatively simple word problems. Some students may, 
for example, have considerable difficulty solving the follow- 
ing problem stated using a hypothetical situation signaled 
by if: 

If Frank can type one page in 20 minutes, how much time 
will it take him to type two pages? 

However, the same students may be able to solve the prob- 
lem when it is stated using a declarative sentence: 

Frank types one page in 20 minutes How much time does ft 
take him to type two pages? 

Semantics 

The preceding discusssion shows that correctly manipu- 
lating the special vocabulary, phrases, and word order found 
in mathematics language is intricately tied to students' abil- 
ity to infer the correct mathematical meaning from the 
language. Making inferences in mathematics language often 
depends on the language user’s knowledge of how reference 
is indicated. In algebra, for example, the correct solution of a 
word problem often hinges on the ability to identify key words 
and to determine the other words in the problem to which 
the key words arc linked < i.e., knowing how to determine the 
referents of key words h Problems involving the number^ ct 
number, and the like require such inferencing. For example: 

Five times a number is two more than ten times the number. 
Find the number 

To solve this problem, students must realize that a nu?n- 
hrr and the number refer to the* same 1 quantity. 

The sum of two numbers is 77. If the first number is 10 
times the other, find the number. 

In this problem, students must know that they are deal- 
ing with two numbers. Further, they must know that the way 
reference is used in the problem links each number with in- 
formation about it. so that the first number and the 
information given about it refers to one of those numbers: 
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and the other refers to the second of the two numbers, the 
number whose value the problem asks the student to find. 
Finally, students must know that the translation from the 
words of the problem into the symbolic representation of the 
solution equation will be based on only one variable and that 
each of the two numbers will he expressed in terms of that 
one variable. Given all this, the correct translation and so- 
lution of this problem would he as follows: 



Phrase 


Symbolic Translation 


first number 


1 0x 


second number 


X 


sum 


77 



Therefore. <m the basis of information from the problem: 

11x = 77 and 

x = 7 

A common mistake is for students to write solution equa- 
tions with two different variables. Not surprisingly, because 
they see no relationship between the two equations, they can- 
not solve the problem. 

Those examples point out another reference feature of the 
language of mathematics specific to the language of algebra: 
the referents of variables. Identifying variables' referents is 
essential to correctly translating the words of a problem into 
the symbols of its solution equation and vice versa. Variables 
stand for the number of persons or things, not the persons 
or things themselves. The following classic word problem il- 
lustrates this point : 

There are five times as many students as professors in the 
mathematics department, Write an equation that represents 
this statement. 

Many students typically write the incorrect equation 5s 
= />, which follows the literal word order of the natural lan- 
guage sentence and uses s to represent students and p to 
represent professors. The correct equation is ftp — s. which 
can he determined only if students know that tin* variables 
< or any other variable they choose to usei must represent the 
number of students and that the variable/? must represent 
the rn/mht‘r of professors. This kind of “reversal error" has 
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been the subject of' investigation by a number of researchers 
interested in the language of mathematics, including Clem- 
ent i 1981 ) and Mestre, Geraeo, & Loekhead i 1982 ). Firsching 
i 1982) points out that recurring reversal errors could result 
from students’ previous repeated exposure in beginning-level 
mathematics to word problems that feature a one-to-one cor- 
respondence* between words and symbols. Experienced with 
such word problems, they incorrectly expect that all prob- 
lems can be solved in the same manner. 

Discourse Features 

On a level above vocabulary and syntax, known in lin- 
guistics as the i f/senu rsr level, mathematics language aho 
has distinctive characteristics. Loosely defined, mathemat- 
ics discourse refers to the “chunks’ - of language — sentences 
or groups of sentences or paragraphs— t hat function together 
as textual units, each with a specific meaning and purpose 
in mathematics. The definition of the communicative prop- 
erty of addition or the explanation of this property in a 
mathematics text hook are examples of mathematics dis- 
course. or “text.” Any word problem is an example of a 
specialized type of mathematics discourse or text. 

All of the lexical, syntactic, and semantic features of 
mathematics language discussed earlier can he considered 
discourse features of a mathematics text. But instead of look- 
ing at isolated features from the bottom up, discourse views 
how all the distinctive features of a mathematics text work 
from the top down to form a cohesive, coherent unit that com- 
municates a particular mathematics meaning. This meaning 
is expressed not as a result of the simple sum of all of its 
lexical, syntactic, and semantic features, but rattier as some- 
thing above and beyond these features. To understand a unit 
of matliemat ica I discourse, students must not only he profi- 
cient in mathematics language, they must also have a 
background in mathematics in order to const nut the context 
needed to process cognitively complex information. At the 
discourse level, the integration of language and mathemat- 
ic.-* skills is essential for total comprehension. 

Mathematics discourse, especially written discourse, pre- 
sents considerable difficulties for many students, native 
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English speakers as well as LEP students. Unlike natural 
language, mathematics texts lack redundancy or paraphrase. 
Bye i 1975) has enumerated a number of additional charac- 
teristics of mathematical discourse found in the language of 
mathematics textbooks. According to his analysis, written 
mathematics texts 

* are conceptually packed: 

* have high density: 

* require up-and-down as well as UTt-to-right eye movements; 

* require a reading rate adjustment because they must he 
read more slowly than natural language texts; 

* require multiple readings; 

* use numerous symbolic devices such as charts and graphs; 
and 

* contain a great deal of technical language with precise 
m eaning. 

These language feature's, when combined with the math- 
ematics content til the written text, require the student to 
apply mathematics concepts, procedures, and applications 
they have already learned. < Students with a weak mathemat- 
ics background as well as poor language skills ore douhh 
handicapped here,* The student must also recognize which 
previously learned mathematics concepts, procedures, or ap- 
plications must be applied to the text at hand. In addition, 
the student must have had enough experience with math- 
ematics texts to know when everyday background knowledge 
should he applied to the reading comprehension process and 
when it must lit' suspended. Finally, the student must In' 
familar with ii.e.. have had experience with) the processes 
involved in mathematical thinking. 

Mathematical word problems provide some of the more 
cogent examples of mathematics discourse features at work, 
along with illustrations of the difficulties these 1 features 
present to LEP students, who are for the must part unfamil- 
iar with mathematics discourse in English land sometimes 
in any language). Kessler, tjuinn, and Mayes i 19HT>) offer the 
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example of the following word problem, w hich many of* their 
second-grade LEP students could not solve correctly: 

Sue has 32 cards. She gave Jim 15 cards. How many cards 
does Sue have? 

The authors report that many students responded with 
15 rather than 17. They theorize that these students may 
not have been familiar with the representative function of' 
word problems, by which they would have perceived that 
having 32 cards and giving 15 of them away represents or 
sets up a mathematics situation, not the beginning of a nar- 
rative or story. 

It could he argued that the language of this problem is 
unclear and ambiguous. Sophisticated problem solvers have 
learned how to deal with such ambiguity because they know 
that the function of the language of word problems is to di- 
rect them toward a mathematical solution. They suspend the 
natural tendency to demand details that they might normally 
require for reading narrative texts. Consider the following 
problem, for example: 

Food expenses take 26° o of the average family's income. A 
family makes S700 a month. How much is spent on food? 

Students who can solve this problem generally are not 
bothered by the fact that the problem does not specify di- 
rectly the amount that is being asked for. that is, the amount 
per month? the amount per year? Since one time reference 
occurs in the problem — a month — students who know how 
word problems work infer that they must find the amount 
spent per month. Students who are not proficient in the lan- 
guage 1 of word problems probably would demand a 
paraphrase or repetition of* the time reference to clarify the 
problem question. It is clear that LEI* students, often literal 
leaders at the early stages of their English development, 
would have grave difficulties with word problem texts such 
as this one. 

It appears that good problem solvers are the students w ho 
can discover the discourse properties of word problems that 
provide them with both a real-world context and a mathemat- 
ics context in which to approach the problem. Further, 
Kessler, Quinn, and Hayes <19H5i point out that proficient 
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problem solvers “make use of language for thinking purposes 
in a real world context” ( p. IK). Students need to acquire the 
skills to integrate complex linguistic and mathematical pro- 
cesses in order to be good problem sobers. 

The Role of Language Learning 
in Mathematics 

The previous section lists by no means exhaustively, the 
linguistic items and language skills required for mathemat- 
ics learning. Identifying the special style or register of 
mathematics is (he first step toward devising instructional 
approaches and activities for LEI 1 students that integrate 
language and mathematics. The next step must hi* to pro- 
vide a hrnud framework or a perspective from which to view- 
how language in general and mathematics language in par- 
ticular relate to mathematics learning. 

Language Proficiency 

and Mathematics Achievement 

Results from extensive* research with numolin goal Eng- 
lish speakers point to a close relationship between language 
proficiency and mathematics achievement. Research reviews 
by Aiken < 1971 ). Lorle f 197 1 >. and Suvdam i 1982' reveal high 
positive correlations between t English) reading ability and 
mathematics achievement. 

Research with students learning mathematics in ESL is 
limited. However, the research that is available shows simi- 
lar’ positive correlations between language skills and 
mat lie mat ics a eh ievemem . ( issio i 1 978 i found a pi rsi live cor- 
i (datum between mat hemnt ics achievement and second 
language ability. Ihivai il9S0> also found a strong positive 
correlation hctwrui the reading coin prehension scores of 
1'u rto Kiean college students and their perform.' i nee on de- 
ductive reasoning problems in English and in Spanish, w ith 
a similar pattern across both languages, ('urvas < 1 98 1 1 has 
shown that language* is a factor both in the learning and the 
assessment of ma t hemal ics. 



27 




Integrating Language and Mathematics Learning 



2? 



Although the exact relationship between language and 
mathematics is not clearly understood, results of available 
research certainly point toward close interaction. On one 
level, it could be said that proficiency in the language in 
which mathematics is taught, particularly reading profi- 
ciency, is a prerequisite for mathematics achievement. The 
reading of mathematics texts and the solving of mathemat- 
ics word problems obviously depends on a prerequisite 
language proficiency. The student must be able to read the 
text in order to understand the mathematics concept or pro- 
cess expressed in it. Ky the same token, a student must he 
able to read a wort! problem before attempting to solve it. 
H owever. being able to read the text or the problem does not 
guarantee understanding the concept or process or being able 
to solve the problem. 

Early research by Macnamara i 19(5(5) appears to bear this 
hypothesis out In his studies of English-Irish bilingual stu- 
dents. Macnamara found that students had greater difficulty 
solving word problems in Irish, their weaker i second i lan- 
guage. than in English, their stronger i first * language, even 
when they knew all the words and structures of the prob- 
lems. Macnamara hypothesized that his subjects lacked what 
he called a "good grasp" of the weaker language. When closely 
examin'd. Macnamara ‘s concept of “grasp" of the language 
appears to encompass the ability to use language to inter- 
pret the problem-solving task. 

At t his junot ure. however, knowledge of and experience 
with the mathematics concepts and processes become criti- 
cal. It is very likely that these factors will ultimately predict 
success in mathematics. In particular, the ability to think 
mathematically appears to be the crucial element in math- 
ematics achievement. !t may he at ibis cognitive anil 
metacognit i vo level that language and mathematics arc* most 
i nt ricately relat ed. 

Mathematical Thinking 

Kessler. ( juimi , and Haves < 19^5’ presort t a st mng argu- 
ment for the 1 need to consider the role of mathematical 
t [linking and metacognit inn w hen discussing the mathemat- 
ics performance of LEE students. These authors discuss 
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Burton’s model (3984) of mathematics learning, which in- 
volves not only the cognitive tasks of carrying out particular 
operations, processes, and dynamics connected with the study 
of mathematics, but also a special style of thinking that is 
different from the body of knowledge ( content and techniques! 
traditionally identified as mathematics. This style (if think- 
ing involves metacognition, which Garofalo and Lester ( 1985) 
define as “choosing and planning what to do and monitoring 
what is being done” < p. 164). Metacognition, then, as Kessler, 
Quinn, and Hayes (1985) point out, refers to “both aware- 
ness of thinking and regulation of thinking. In mathematics 
las in all learning), both of these factors affect the outcome 
of cognitive activities” i p. 3). 

Affective factors are also involved in the process of math- 
ematical thinking. Students' mathematical thinking and 
metcicognition must be driven by a curiosity and a willing- 
ness to investigate the unknown. Students must also be 
patient and persistent. These qualities, together with a 
knowledge of mathematics concepts, operations, and pro- 
cesses. no doubt all contribute to success in mathematics. 

Learning Mathematics 
Through a Second Language 

1 n school, students must use language, written and spo- 
ken, to express their thoughts and to demonstrate their un- 
derstanding and mastery of academic tasks. Simply put. 
language is the vehicle of learning and instruction. As 
fummins < 1981 i has theorized, the language used for aca- 
demic tasks is quite diffetent from the language used for 
basic communication. Cummins' “basic interpersonal com- 
munication skills” (HU’S) refer to a proficiency in the con- 
text-embedded language found in face-to-face conversation, 
where speakers rely strongly on ext ral i nguistic ami situ- 
ational cues for meaning. 

Cognitive academic language proficiency iCALPi. on the 
other hand, refers to a proficiency in the context-reduced 
language related to cognitive tasks. With ('ALP, meaning is 
inferred ess* ntiallv from the linguistic or literacy-related 
features of the spoken or written text. The meaning is more 

29 



Integrating Language and Mathematics Learning 



25 



or less complex depending on the level of cognitive demand 
presented by the academic task being expressed through 
the language, 

Cummins argues that CALP is cross-lingual, that is, stu- 
dents can acquire CALP, part of what he calls “a common 
underlying proficiency," via any language as long as they have 
reached a certain level or “threshold" of proficiency in the 
language. Once acquired, CALP can be accessed and used 
via any language, again once the threshold level of proficiency 
in that language has been reached. 

The concept of threshold in Cummins’s model may have 
important implications for LEP students faced with the task 
of learning mathematics and other academic subjects. If LEP 
students already possess a threshold proficiency in CALP Cm 
mathematics, for example, learned through their first lan- 
guage), they have a basis on which to develop CALP for 
mathematics through their second language, lienee their 
chances to succeed in academic tasks, in this case mathemat- 
ics tasks, are enhanced, given enough time and motivation 
to learn their .second language. 

However, it may he the case that LEP students who have 
little or no CALI 5 in their first language will have consider- 
able difficulty developing ('ALE 5 through their second 
language. Although it is not explicitly stated by Cummins, 
their difficulties may have to do not only with learning sec- 
ond language skills but also with learning the cognitive, 
academic content expressed through the second language. 
Thus the threshold that LEP students must reach involves 
both a certain minimal level of language skills and a certain 
minimal know ledge of the academic area. 

Dawes work (19821, 198 P with bilingual students in 
mathematical reasoning appears to agree with research con- 
ducted by Mestre. (deruee, and Loekhesid i 1 982 ) with 
Hispanic engineering students in college algebra courses. 
These researchers report that Hispanic students were much 
more likely than nonminor ity students to misinterpret word 
problems in English, and that slower reading speed and com- 
prehension contributed significantly to a greater number of 
problems not being completed (and consequently “missed" i 
in the word problem tests they administered. Mestre ( 1984) 
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recommends that problem-solving instruction for Hispanics 
(and other LEP students) should therefore include extensive 
practice emphasizing speed and accuracy in translating the 
language of word problems into mathematical notation. He 
argues that LEP students who are given a chance to grapple 
with problems that demand considerable linguistic process- 
ing would learn how to get information from a problem and 
set it up correctly. 

In summary, the role of language in learning is not yet 
clear, although it is likely that its role is crucial in the fol- 
lowing ways. 

1. There appears to he a high correlation between read- 
ing skills and mathematics achievement, particularly when 
the tasks involve reading texts or solving word problems. 
Preliminary research evidence* appears to indicate that this 
correlation may he even stronger for LEP students perform- 
ing tasks in ESL. 

2 . On a deeper lev el, language works as a mediator for 
mathematical thinking and metacognition. Whether the 
thinking defines the language or the language defines the 
thinking remains to he answered. Probably both occur. The* 
important point is that mathematical thinking, mediated by 
linguistic processes, is a prerequisite for mathematics 
achievement. 

3. LEP students who must learn mathematics through 
their second language must reach a minimal level iCunimins' 
threshold) of proficiency in the cognitive, academic skills re- 
quired of mathematics and in the language skills used to 
express the mathematical skills. 

■1. The language used in mathematics is intricately con- 
nected to tin* mathematical concepts, processes, and 
applications it expresses. Therefore, mathematics instruction, 
particularly for LEP students learning in their second lan- 
guage, should integrate mathematics and language skills. 
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Learning a Second Language 
Through Mathematics 

Another aspect of the relationship between language and 
mathematics is critical for LEP students. Mathematics in- 
struction for LEP students can he a source of opportunities 
to acquire and learn English, their second language In other 
words, mathematics can be a language learning xperience 
in both the mathematics and the ESL class. 

Recent research and practical experience appear to sug- 
gest that the forms, functions, and uses of language can best 
he 1 acquired and learned in context. Second language acqui- 
sition theory, notably that of Krashen <1982.1, points to the 
importance of context to provide language experiences, or "in- 
put," that students can comprehend. It seems obvious that 
the language input students need most in school must come 
from experiences in their academic subject courses. 

Traditionally, mathematics has not been one of the sub- 
ject areas educators use to pros' ide second language 
experiences and practice for LEP students. It is possible that 
the myth that mat hematics requires minimal language pro- 
ficiency may have kept mathematics from being a logical 
choice as the academic content base of second language ac- 
tivities, Perhaps the fact that many language 1 teachers feel 
unprepared and reluctant to get involved with anv topic re- 
lated to mathematics has also affected the popularity of 
choosing mathematics content. 

It is essential, however, t hat the classroom environment in 
w hich ESL is taught through mat hemat ics content he care- 
fully structured so that second language acquisition can occur. 
Eor both the ESI. and the mathematics classroom, this imams 
that i nst p net ion a 1 aetivi I ies should pro mot e second language 
development through a natural, subconscious process, in 
which the focus is not on language per se but on communicat- 
ing the concepts, processes, and applications of mat hemal ics. 

Mohan <198(>a. 19Sf>bj points out that an instructional 
environment that promotes second land first i language de- 
velopment must be carefully structured to provide students 
with a range of uppnrtimit ies to com immicut e subject mat- 
ter. 1 lis general framework for teaching language and content 
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suggests that ESL activities based on mathematics content 
make use of graphics, manipulatives, and other hands-on 
concrete experiences that clarify and reinforce meanings in 
mathematics communicated through language. 

It is not enough, however, to include instructional activi- 
ties that provide linguistic and nonlinguistic enforcement lor 
communicating mathematical ideas. As with any instruction, 
teachers must constantly monitor their students for compre- 
hension. which may require special attention in mathematics, 
given the cognitive complexity of many mathematics tasks 
and the tendency for mathematics to he a silent, individual 
activity <('azden, 1979). Teachers therefore need to provide 
both quality input tailored to the language and mathemat- 
ics levels of their students and ample opportunity for students 
to respond ii.e.. talk), again commensurate with their level 
of language' and mathematics proficiency. Given the cogni- 
tive demands of mathematics tasks, teachers must also 
provide students with extensive and varied experiences in 
which to apply the mathematical thinking techniques and 
the metaeognitive behaviors ii.e.. the self-monitoring of math- 
ematical processes i they will need to dev elop to he 
mathematics achievers. 

Whenever possible, instructional activities in both the 
ESL and the mathematics classroom should he built on stu- 
dent s’ real-life experiences and prior knowledge of 
mathematics, and offer situations in which students can in- 
teract with the teacher and fellow students (both LEP and 
English-speaking). Such activities stimulate both second lan- 
guage acquisition and learning. Wilson, He Avila, and lntili 
<19H2i and Do Avila and Duncan < 19s. 1) have shown that 
when LEP students are provided with a classroom environ- 
ment organized around interactive activities, they can 
acquire both mathematics and English simultaneously. De 
Avila's program provides hands-on experiments that foster 
critical thinking skills for mathematics and science. Because 
the activities naturally emphasize process, they lend them- 
selves well to promoting verbal interaction. Similar evidence 
for the simultaneous development of language and math- 
ematics and science can he found in studies by Kessler and 
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Quinn 1 1980, 1984), Quinn and Kessler ( 1984), and Rodriguez 
and Bethel tl983). 

Affective factors also play a crucial role in the language 
acquisition process described here. Many students, not just 
LEP students, decide for one reason or another that they are 
not good in mathematics. For many LEP students faced with 
the formidable task of learning mathematics through a sec- 
ond language, mathematics instruction can be doubly 
traumatic. Mathematics teachers can do much to reduce the 
trauma by giving LEP students oppoi*tuni ties to experience 
success in mathematics through activities they can under- 
stand. Positive experiences in mathematics build on 
themselves and can consequently lower what Krashcn < 1982) 
calls “the affective niter” in language learning. The result is 
that LEP students find themselves learning mathematics, 
while at the same time they are acquiring language skills 
used both in everyday communication and in the academic 
setting of mathematics. 

Results from the work of Hayes and Bahruth ( 1985) and 
Hayes, Bahruth, and Kessler i 1985) bear this observation out. 
These researchers report extraordinary progress in fifth- 
grade LEP students' English reading skills as a result of 
extensive experience in reading and writing their own math- 
ematics word problems. Both studies emphasize that 
students' success was due not only to exposure to great quan- 
tities of interesting and relevant language input, hut also to 
the students' changes in attitudes toward school and 
learning. 

It should he emphasized that ESL teachers can design 
mathematics activities as simple as learning to read and 
write the names of numbers in English or as complex as talk- 
ing about how to solve word problems, If such activities art' 
tailored to the language 1 and mat hem at ics proficiencies of the 
students, they will have numerous opportunities to experi- 
ence success in completing hot h language and mathematics 
tasks, and they will be able to do so in a less threatening 
atmosphere than the mathemat ics classroom, where they are 
often at a disadvantage 1 hath in language and in mathemat- 
ics. It is not unrealistic to think that positive experiences t not 
to mention the mathematics and language skills learned) in 
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mathematics/language activities in an ESL sotting can be 
carried over to the regular mathematics classroom. 

Instructional Strategies 

The background that teachers need in order to develop 
strategies and activities that integrate language and math- 
ematics skills for LEP students has been presented in the 
previous sections. In this section, suggestions are given for 
the development of instructional activities. Two instructional 
settings will be addressed: <a> the mathematics classroom and 
i hi the ESL classroom. 

Language-Based Strategies 
for the Mathematics Classroom 

The mathematics curriculum at. any grade level is gen- 
erally composed of four basic areas: concepts, computation, 
applications, and problem solving. For the purpose* of illus- 
trating the differences in language requirements that exist 
in these four basic mathematics areas, following are two 
short lessons. 

Lesson 1: Statistics — The Concept of Mean 

Teacher: We have on the board two lists of numbers; let's say 
the numbers represent scores on tests. Add the scores in 
the first list or distribution: after you have obtained a 
sum. divide 1 the* total by the number of scores in the* list. 
Let s see. first what is the 1 total? 

Student 1: Tores f/tc rnrn'cf tniuL* 

Teacher: Now, what is the result of the division? 

Student 1. Tores thr ronvf 7 tfunt ion f . > 

Teacher: Kepcat the same operation with the second I Tt or 
distribution. ' Ansti'rrs art' r/hr/a'i/ br/brr /m;i rrTo/g. > 
Please tell me where in each distribution tin* final t|Uo- 
t ient is located. 

' Sfui/rtt />■ fo cafr fh\‘ </ not !*‘n t <*r "orrmgr " on fh*‘ (uKirtf. < 
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Teacher: Give me a word or expression that tells where? this 
number is in the distribution of* scores. 

Student !J: Middle. 

Student 4: Center. 

Student 5: The other scores art* around this answer. 

Teacher: I set* wo pretty much agree that this result or quo- 
tient is somewhere in the center of each distribution. We 
call this number a "measure of central tendency." We 
know that tin* calculations we did had to do with the av- 
erage of* each of the distributions, ('an someone give mi* 
a definition of ''average**? '77/e students g/re a number of 
fdausihtv definitions./ In statistics, this average lias a 
special name, It is called the "mean." 

Lesson 2: Statistics — The Computation of Standard 
Deviation 

('I'/ie stuitents hare previously bee// /tresen fed u'ith the enn- 
r vpt of stcnula rd deviation. * 

Teacher: Now we are ready to learn the sets involved in the 
computation of the standard deviation of the distribution. 

First, subtract the mean of the distribution from each of 
the scores in the distribution. 

Second, square each of these differences. 

'Third, add these squares. 

Fourth, divide the sum of t he squares by 1 lie number of 
scores in the d i st ri tv ’ , ion . 

Fifth, take the squa e root of this quotient. 

< f'ftr sfutttmfs //ore fnihm ei/ er/rb o/ the s/c/js umi ftnre re 
s/>ftndt’t/ U'ith unsN'erx fn rut b ns f})r /ff/rbrr t it' ret 1 </ it'd lh^ r 
u/l>i >rith m . t 

In analyzing these two sample lessons, mathematics 
teachers can readily distiguish t he mathematics content: 
Lesson 1 deals with t ho develop me nt of a concept . in t h is case, 
the idea of a rit hmet ic mean; Lesson 2 covers the presenta 

3ti 
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tion of the algorithm to compute the standard deviation. As 
for the language demands of the two lessons, teachers can 
observe a fairly clear difference in the scripts for each les- 
son. Generally. Lesson 1 contains a larger percentage of 
natural language, while Lesson 2 emphasizes the technical 
vocabulary and structures of the mathematics register. The 
nature of the mathematics content in each lesson defines the 
kind of language used to teach it. The introduction S a con- 
cept requires the teacher to communicate ideas in language 
familar to the students ti.e., through natural language i to 
facilitate comprehension. In the development of algorithmic 
procedures, the instructor assumes understanding of the con- 
cept and uses very technical language from the mathematics 
register to present the steps involved in the computation of 
the standard deviation. 

Second Language Approach 
to Mathematics Skills (SLAMS) 

Mathematics teachers can start with general observations 
on the language content of mathematics tasks <such as the 
ones just given) and from them develop an expanded math- 
ematics/language approach for LEP students that includes a 
language component. Cuevas t 1981. 1984 > has developed such 
an approach, called Second Language Approach to Mathemat- 
ics Skills i SLAMS), which incorporates language develop- 
ment activities into the regular mathematics lessons planned 
by teachers, This approach was initially developed for (hades 
K through 12. but it can be applied to any level of mathemat- 
ics instruction. It is hast'd on the assumption that in order for 
a student to master the mathematics concepts presented in 
c lass, the language of the concepts must be addressed and 
mastered. It is also assumed that hv teaching the language 
together with the content , understanding of the material will 
h< - facilitated ( ( hievas. Mann, & Mc( 'lung, 19S5 >, 

The approach is composed of' two strands. one focusing 
on mathematics content and the other emphasizing related 
language skills. The activ ities developed for each strand are 
hast'd on identified instructional objectives from the math- 
em at ies e urrici i It mi . 
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The Content Strand 

The content strand encompasses strategies for analysis 
and diagnosis of mathematics skills, followed by preventive or 
prescriptive activities. Since this approach follows a standard 
diagnostic-prescriptive model for teaching, its components are 
described only briefly here. 

1. Analyst; s of Concept f Skills: This component deals with 
what needs to he taught, that is, the basic mathematics con- 
cepts and skills determined by the instructional objectives. 
At this point, the teacher may also wish to analyze prereq- 
uisite skills necessary for mastery of the objectives. 

2. D/atfritisrs: This process encompasses assessment < for- 
mal and informal) of the level of skills mastery anti/or the 
extent and nature of mathematical errors. Diagnosis must 
involve data-colloction activities in which the teacher focuses 
on patterns of behavior. These patterns are essential for the 
instructional decisions made in the next components of the 
diagnostic-prescriptive process. As a result of the analysis of 
the instructional ,hjective(sL the teacher needs to ask: “Does 
the student have the prerequisite skills necessary for mas- 
tery of the mathematics objective* s >?" For example, before 
teaching how to apply the basic arithmetic operations to prob- 
lem situations dealing with money, the teacher needs to know 
to what degree the students have mastered the operation! s> 
they are being asked to use. 

2. Prct'ctrl/cf St ratt^ifs : This component addresses the 
activities designed to review nr re in ft tree skills that art 1 pre- 
requisite to the mathematics objective's) being taught. 

■t. Lt’ssttn: Hast'd on the student's strengths and weak- 
nesses. the teacher develops instructional activities designed 
to teach selected mathematics concepts or to develop certain 
skills. 1 n constructing these activities, care should he taken 
to select from various approaches, such as the use 1 of 
manipulative 1 -., small-group work, individual tasks, and lu- 
t >rial sessions with other students as tutors. 

As is common in a diagnostic-prescriptive approach, an 
assessment is made of the level of student mastery of t lie mat 1 
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ematics content presented in class. The cycle is then repented 
or other activities are designed if remedial ion is necessary. 

The Language Strand 

Tlie language strand of the SI.AMS model follow s a path par- 
allel to the content strand. It incl tides the following components: 

1. Analysis o / Iho La n^ita^v l'sv<(: For this component, 
teachers need to be aware that at least two languages are 
present in the mathematics curriculum: the "objective lan- 
guage." or mathematics register, and natural language. 
Vocabulary and other terms the teacher feels are important 
in the communication of ideas to the 1 student must he identi- 
fied. For example, in a word problem such as. "If Marta buys 
d pencils at -SO. 15 each, how much change will she receive 
from $l.uo7'\ students need to determine which terms and 
what syntactic and other textual clues will indicate the cor- 
rect sequence of operat i ms, 

2. f)i(ti>nt)sr.s o/'/^r/'gaage Skiffs; On the basis of the lan- 
guage skills identified in the first component, the teacher 
must answer the following questions: 

a. Does the student recognize the symbols terms that 
pertain to the skill? 

b. Can tin* student pronounce them? Write 1 them? 

e. fan the student define the* terms used? 

d. Is the student knowledgeable of* the structure- used 
so that ideas anti relationships are understood? 

5. / ) /v,"ui//(v O/ g.\p/ngr N/m/rgms: Many FKP students 

have received mathematics instruction in their native 
language 1 and are proficient in the mathematics register of 
that language. Preventive language* activities could focus nn 
the folk iw i ng; 

a. a review of the mathematic.- content, presented this 
time in the students* native language; 

h st riirlii red MSP ait nit ies desi gnei I in i nr reuse the st u - 
denis’ level of com pel > ■ nee in the language skills 
needed to mast er t he m a . lemat ics cunt ent in Kng'l ish. 
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4. Lesson: Instructional languu^o activities for math- 
ematics should involve listening comprehension, verbal 
production, and reading and writing of the language features 
identified by the teacher. These activities must bt> incorpo- 
rated as an integral part of the mathematics content lesson. 

The mathemaiicsdanguago approach of SLAMS outlined 
here is recommended for mathematics teachers in general. 
The approach provides a framework for adapting activities 
the teacher needs to develop to focus on the language needs 
of LFP stm! nts. As can he seen in Figure 1.1, mathematics 
teachers must analyze each mathematical task into math- 
ematics and language skills. Instructional activities that 
integrate both kinds of skills must then he devised for the 
prescriptive and evaluation phases of the approach. 

English Language Skills for Basic Algebra 

The model suggested by SLAMS provides a general ap- 
proach for integrating mathematics and language skills in 
the mathematics classsroom. Using this approach, teachers 
can develop a sequence of language-based mathematics ac- 
tivities for LEP students, i These are the materials suggested 
for the prescriptive step of the SLAMS model. > One such set 
of materials d’randall. Dale. Rhodes, & Spanos, 19K7» was 
developed to assist LEP college students in baste algebra, The 
mathematics content and the language-based activities stem 
from extensive research at a number of ‘post secon da ry insti- 
tutions in thi' United States at which the authors observed 
basic algebra classes, interviewed LEP students and math- 
ematics faculty, and reviewed mathematics textbooks and 
curricula, 'file resulting materials are the collaborative ef- 
fort of language and mathematics specialists. The first four 
units of activities address the following topies from begin- 
ning algebra: 'a 1 numerical and algebraic expressions. <b' 
equations and inequalities, < c 1 ward problems, and up defi- 
nitions and themems. 'l’lie fifth unit is a glossary of basic 
a Igebra ie t mu < , K\a m pies a ppear as Figures 1.2 1 h rough l.a . 
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Figure 1.1. 

Second Language Approach to Mathematics Skills (SLAMS) 
instructional model. 
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TUTOR PAGE 


STUDENT PAGE 


TUTOR; Read each algebraic 


STUDENT: Look at the algebraic 


expression to your partner. 


expressions below. Listen as 


Your partner will repeat 


your tutor reads the expression. 


Listen to see that he or she 


Repeat after your tutor or the 


repeals correctly. 


tape. 


Example: 


Example; 


Student sees; * + 2 


You see; x + 2 


You say: "x plus two" 


You hear; "x pius two ' 


Student repeats: 'x plus two' 


You repeat: "x plus two" 


| Figure 1.2. Working with numerical and algebraic expressions. 



The first four units nit* organized to supplement and re- 
inforce traditional activities conducted in beginning algebra 
courses. They are designed to he used by students in pairs, 
in n peer-tutoring approach that enables students to take on 
vhe roles of tutor and tutee. In this way, students can work 
one-on-one in tutoring sessions in the mathematics classroom 
or 1 in tutorial centers. Since the materials follow a progres- 
sion from easy to difficult for both mathematics and language 
proficiency, they provide students working in pairs or small 
groups with numerous opportunities to engage in the debate 
and discussion that are crucial for the development of math- 
ematical thinking. The instructional environment thus 
created can offer students extensive comprehensible math- 
ematics' language input. Algebra teachers have also used the 
units with entire classes to introduce* or reinforce topics. 
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TUTOR PAGE 



STUDENT PAGE 



TUTOR: Look at the equations 
below. Certain steps are left out 
and explanations are given for the 
missing steps. Listen as your 
partner fills in the massing steps 
in the equations by reading the 
explanations. Choc* his or her 
answers with the underlined 
answers b^low 



STUDENT: In the equations that 
follow, certain steps are left out. 
and explanations are given for 
the missing steps. Fill in the 
missing steps in the equations 
by reading the corresponding 
explanations. Then read your 
answer out loud to your tutor. 
Observe how the equation is 
solved in the example. 



Example: Solve 7a - 2 ~ 3a + 9 



Stops 

la - 2 .•= 3u * 9 

7 l? 2 ♦ t — 3ti ) 3 a + 9 + f -3 a} 



Explanation for Steps 

The given problem. 

Add -3a !o both sides to isolate 
the variable on one side. 



Figure 1.3. Working with equations and inequalities 



Although poor tutoring is the ideal framework for those 
materials, they cart also he used by students individually, 
with the tutor sections serving as answer sheets and a check 
on the student's progress, 'flu* materials have been used in 
this manner as homework supplements and as materials for 
individual practice in tutorial centers. 
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TUTOR PAGE 

TUTOR. Listen to your partner 
mad and answer the following 
paraphrase and inference ques- 
tions He or she should circle the 
letter of the correct answer. When 
he or she is finished, check the 
answers and give explanations 
for those that are incorrect. 

1 . Which of the following is 
closest in meaning to the sub- 
traction equation 7 

Ai No. Check the definition again 
B) YES 



STUDENT PAGE 

STUDENT: Read the following 
paraphrase and inference ques- 
tions out loud Circle the letter of 
the correct answer. Refer to the 
definition above. 



1. Which of ths following i$ 

closest in meaning to the sub- 
traction equation? 

Aj a over b , less c over b. is the 
difference between a-c into b 

U) a over b. less c over b. is equal 
to the difference between a 
and c over b. 



Figure 1.4. Understanding definitions and theorems 



The glossary offers students a reference tool for basic al- 
gebra that provides definitions of algebra vocabulary: a list 
of symbols along with their names, f unctions, and the vocabu- 
lary and phrases that express them; definitions and examples 
of the types of numbers; and finally, a list of words and 
phrases commonly used in typical algebra word problems. 
The glossary’s entries were carefully constructed to provide 
the technical language that students would find in their 
mathematics texts, as well as definitions and explanations 
written in natural language. In this way. students can un- 
derstand the' meanings of terms, symbols, and expressions 
as they are ex post'd to the technical language t hey ult i mat el \ 
need to learn to function in algebra class. 
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TERM 


EXAMPLE 


MEANING 


commutative 
property of 
multiplication 


4 x 8 = 3 x 4 


If a and b are integers, then ab = bi 
Hint: The word cj^mmuje means to 
exchange, so the integers 
exchange positions in this property 


complex 

number 


i 

tj 

+ 

tv 


Complex numbers have the form 
a + bi. where a and b are real 
numbers. The a is called the real 
part and the bi is called the 
imaginary part. 


composite 

number 


4. 6 8. 9 ... 


A counting number that is not 
prime, 


counting 

number 


1 .2 3. 4 ... 


The numbers we use to count 
with. They are also called natural 



numbers 





ADDITION 




Symbol Related Words 


Examples 


Explanation 


+ add 

addition 


3 + 4 


"3 + 4" means add 3 and 4; 
do the operation of addition 


plus. 

increased by 


■3 + 4" 

may be read 
3 plus 4" or 
"3 increased 
by 4" 


The symbol for addition is 
the plus sign + 


sum 


"Find the 
sum of 
3 plus 4" 


The answer to an addition 
problem is called the sum 
of the two numbers. 



CAUTION: Do not contuse 
the word sum (requiring 
addition) with the word 
product (requiring multi- 
plication) 



Figure 15 A glossary for basic algebra. 
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Finally, it is important to note that language-based math- 
ematics materials such as these can he used by all students, 
not just LEP students. Since acquiring the mathematics reg- 
ister appears to he difficult for most students, algebra 
activities designed to teach the meanings and functions of 
mathematics language are probably beneficial for 
any student. 

Mathematics-Based Strategies 
for the ESL Classroom 

Many ot the mathematics /language activities suggested 
for the mathematics classroom can be adapted for the ESL 
classroom. However, the ultimate goal of these activities is 
different. In the mathematics class, the goal is to learn math- 
ematics, but in tlie ESL classroom, the goal of every activity 
is to foster language acquisition and learning. As discussed 
earlier in the chapter and elsewhere in this volume, the in- 
troduction (if content-based ESL activities serves to shift the 
conscious focus of ESL students from the mechanics of lan- 
guage learning to the function of language, that is. the 
communication of meaning. In academic settings, then, one 
of the contexts ESL instructors can use to teach students how 
language communicates academic meaning <i.e.. to teach 
functional English) is that of mathematics. 

To develop mathematics-content language activ ities for 
the ESL classroom. ESL teachers must first ascertain the 
mathematics objectives and skills of the mathematics courses 
their LEP students are ic»r will be > required to complete: they 
also need to have some idea of the mathematics their stu- 
dents already know, l.'nless the ESL or bilingual teacher is 
also the students* mathematics teacher, this task requires 
the advice and assistance of the mathematics instructors, 
preferably those* who teach the same LEP students. 

Together, mathematics and ESL teachers must assess 
LEP students' mathematics needs awl skills. 'This diagnosis 
can then he incorporated into an assessment of students' lan- 
guage proficiency. The resulting profile provides ESL teachers 
with an overall picture of the two sets of skills imathemat- 
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ics and languagL'i on which they can develop mathematics- 
based language activities. 

At this point, it is probably obvious that ESL teachers 
who want to incorporate mathematics content into ESL learn- 
ing are faced with the sizable task of compiling a 
mathematics-based section for their ESL curriculum, a cur- 
riculum that is already packed full with language (listening, 
speaking, reading, and writing i objectives and activities. The 
key to making this task manageable is in selecting which 
mathematics content to include. Depending on the goals of 
the ESL program and on the needs of the students. ESL 
teachers can select mathematics content according to two 
broadly defined approaches. The objective of the first ap- 
proach is to present a complete sequence of mathematics 
tasks. The result of* this approach is a mathematics compo- 
nent of an ESL curriculum that concentrates on teaching 
academic English. The objective of’ the second approach is to 
include a few mathematics-based activities among ot her more 
traditional second language learning activities. The approach 
results in an ESL curriculum that in t rod vices but does not 
necessarily concentrate on the academic language us< i d for 
mathematics tasks. 

A discussion of ouch of these mathematics-based ap- 
proaches for P^SL follows. It should be noted that these two 
approaches are two extremes of a continuum. ESL teachers 
can develop many variations of the approaches that fall some- 
where in the middle, according to the needs of their students 
and the time and resources available. 

Developing £ Sequenced Component of 
Mathematics-Based Language Activities for ESL 

II KSI , teachers find, after consultation vvil h mathemat- 
ics instructors and the students themselves, that their LEI* 
students hit bas ing serious difficulties with particular parts 
of the mathematics curriculum, the ESL teacher may choose 
to include mat hemat ics- bn sed language activities sequenced 
to the mathematics curriculum as a regular part of ESL in- 
struction. The following suggestions are offered. 
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• ESL teachers, again with the help of mathematics in- 
structors. need to analyze the objectives and activities of the 
mathematics curriculum identified as difficult to determine 
the language features that contribute to students' problems. 
These features and the mathematics content from w hich they 
originate will form the basis for mathematics-content lan- 
guage activities. 

0 ESL teachers again must narrow down the mathematics 
content to a component that can be realistically incorporated 
into the daily schedule. Ideally, mathematics and ESL teach- 
ers should work together to prioritize all the mathematics 
areas identified and to ensure that the mathematics mate- 
rial students need most will be covered. 

• To date, few materials specifically offer a component of 
mathematics-based ESL activities. In tin* absence of sets of 
ESL materials dedicated to mathemat ics, ESL teacher s must 
adapt and compile i perhaps with the help of interested math- 
ematics specialists! sequences of activities for the particular 
areas of mathematics i general mathematics, algebra, geom- 
etry. etc. ! that their LEI 5 students are studying. 

Figure 1.6 shows how mat hemal ics/language materials 
originally written for mathematics classrooms can bo adapted 
for ESL instruction for high school or college students. The 
example is based on activities from the series of materials 
described earlier < Crandall et a!., 19<S7i, which were prima- 
rily written for use in algebra classes. The mathematics 
content comes from the first unit, which treats numerical and 
algebraic expressions. 

The example in Figure 1.6 illustrates how parts of 
mathematics-based language activities can he incorporated 
into the regular daily or 1 weekly schedule of ESL instruction, 
with efforts made 1 to parallel the objectives being addressed 
in t he mathematics classroom. It is also possible to build 
an entire sequence of mat heinat ics-hased language activities 
as a type of English for special purpose's « ESP) section of an 
ESL course. 
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TUTOR PAGE 

TUTOR: Listen to the sentence 
your partner reads. Be sure he or 
she reads the number correctly 
The sentences are below. 

The numbers are underlined. 
Example. There were live hund red 
people at the meeting. 

1 . His father is six feet tali 

2 The electric bill was three 
hund red (and) thirt ee n .dollars ' 

3 My car holds t we lve point 
five (twelve and five tenths) 
gallons of gas. 

4 There are fiyej.housand 
two hundred {an d) eigh ty 
feet in a mile. 

7 My phone number is two- 
thr ee-tw o-fouHive-one-six 

8. Over o_ne.mil.ljon people iive 
in New York. 



STUDENT PAGE 

STUDENT: Read the following 
sentences out loud. Be sure to 
say the numbers correctly. 

Example: You read: There were 
500 people at the meeting. 

1 His father is 6 feet tall. 

2. The electric bill was S313! 

3. My car holds 1 2.5 gallons 
of gas 

4. There are 5.280 feet in a 
mile. 



7. My phone number is 
232-4516. 

8 Over 1.000.000 people Nve 
m New York. 



Figure 1 .6. 

Math-based ESL lesson: Using numbers in everyday contexts. 



Developing Problem-Solving Activities 
That Promote 

Second Language Acquisition 

In many oases. KSL programs cannot de\ote an entire 
component of the KSL currieulum to mill heniat 1 os content. 
The brief out line fjiven earlier shows that such a process re- 
quires ext ended time and effort on the part of KSL and math- 
ematics instructors, especially since materials art 1 needl'd. 
In addition, many KSL programs may find that their LKP 
students do not need intensive instruction in mathematics- 
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based language learning, either because they already have 
a sound base in mathematics in their native language or they 
have strong support from their regular mathematics teach- 
ers, who pay special attention to the language needs of stu- 
dents in their classes. 

Even if students are doing relatively well in regular math- 
ematics classes, ESL teachers may want to include some kind 
of stimulating, thought-provoking mathematics-based lan- 
guage instruction to stimulate second language use and 
acquisition. One of the best sources in the mathematics cur- 
riculum for such enrichment activities is problem solving, 
specifically solving word problems. Furthermore, word prob- 
lems, by virtue of their language ‘‘irni . are a natural choice 
for language practice. 

ESL teachers can develop sets of activities using word 
problems selected to fit various themes or instructional ob- 
jectives. For example, lessons for elementary-level students 
can be built around word problems that give students prac- 
tice with specific mathematics skills: 

• each of the four basic operations-- addition, subtraction, 
multiplication and division; 

• basic operations with fractions and mixed numbers; 

• basic operations with decimals: 

• applying the concept of inverse 1 operations; or 

• estiinat i ng'rounding off the answer. 

Lessons can also he built around specific language skilts: 

• learning sets of vocabulary that often designate the solu- 
tion operation in word problems, including both mathematics 
terms and natural-language words <e.g. . tnkv ctuaw f/cr rretsef/. 
hart' lift. and lost are terms used with subtraction); 

• learning sets of vocabulary that indicate comparisons 
U'.g. . fvirx'r / ntorr than, less /grer/ ter than >; 

• learning how to read ami understand problems written 
as hypothetical situations <i.e., practicing how to road and 
writ e if clause's >, 
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* learning bow to read and understand problems when the 
question is at the end, the beginning, or somewhere else in 
the problem: nr practicing English composition skills through 
rewriting problems using different time references, chang- 
ing singulars to plurals, or, at a more advanced level, writing 
paraphrases of the problems. 

ESL teachers can simplify the job of finding word prob- 
lems with the particular mathematics or language 
specifications they need for each activ ity by keeping a run- 
ning file 1 of problems on index cards. Word problems can he 
collected from mathematics texts, newspaper ads. and so on. 
or teachers and students can write them themselves. Sug- 
gestions follow for language-based activities using word 
problems. 

Activity #1: Practice special mathematics vocabulary. 

Materials needed: Food containers, or any other group of 
items to create a store. 

Procedure: Set up a store with as many items as possible, 
each with a price clearly marked on it. The grocery store* is 
always a good choice. Develop questions that refer to these 
marked items using terms such as more them, less than, as 
much a*, mast, faast, rquai ta. as many as . nfi tf^cther. twin' 
as ftntrh as. fvwrr than, grra/rr than, atiil, suhtrai t. and so oil. 

Sample questions based on a grocery store situation: 

Name one item that costs more than $1) 25. 

I low many apples can you buy with $0.50? 

What costs more at this start*. •> apples or U oranges? 

Activity #2: Problem Puzzles — Read all of the pieces of the 
probiem. then put them in the order needed to make a 
"good" problem. 

Materials needed: Word problem file, index cards or sentence 
st rip, ma rkers or pens. 
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Procedures: Select problems from your word problem file. Use 
any criteria you wish according to your activity objective. 
Type each piece of information < usually in elementary school, 
this means each sentence) on * strip of paper. (For primary 
grades, you may want to use sentence strips, t Identify each 
part of a problem with a number. Ask students to put the 
parts of the problem in order. You can make this as hard or 
as easy as you wish by varying the number of problems you 
mix up or put into the pool of pieces. You can also make this 
self-correcting by putting the correct pu/ le number on the 
hack of each strip. 

Activity # 3 : Read the problem and tell whether there is too 
little, too much , or enough information to solve it. 

Materials needed: A set of word problems, preferably with 
the same number each of problems with too much informa- 
tion, not enough, and exactly enough. These can he put on a 
work sheet, on the board, or on index cards. 

Procedures: From a group of' word problem cards, base st u- 
dents read the problem and decide whether there is enough 
information to solve the problem, not enough, or too much 
This activity can land should i have a second or third step: If 
the problem has enough information, solve it; if the problem 
does not have enough information, add information that 
makes sense and solve the problem; if there is Loo much in- 
formation , t ake out i or cross out i t he ext ra i n form at ion, then 
solve the problem. Since t he exercise may he* t inic-consum- 
ing. you may want to start with just one* group of these 
problems, such as those* with too much information, and work 
up to doing a group of mixed problems. 

Sa ni pies; 

THIS PROItbKM ('OXTAIXS KXOl’CH INFORMATION: 

M argo bought 7 books last week. 'This week she* bought 
three times as many hooks. Mow many hooks did she buy 
this week? 
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THIS PROBLEM HAS TOO MUCH INFORMATION: 

138 fifth grader?! are going on a trip to the zoo. They will 
take 3 buses. 72 of the students are boys and 66 are girls. 
There must be an equal number of students on eaeh bus. How 
many students will ride on each bus? 

THIS PROBLEM HAS NOT ENOlTiH INFORMATION: 

Peter bought 3 pounds of meat at $1.39 a pound. How 
much change did he receive? 

Activity #4: Read the problem and fill in the missing 
information. 

Materials needed: Sets of word urobk ms. index cards or sen- 
tence strips, or dittos. 

Procedure: Select a variety of problems lot select one par- 
ticular set of problems i. Go through these problems and leave 
out key words, phrases, whole pieces of information <i.e.. sen- 
tences!, or the problem question. Make* sure the problem is 
rewritten with plenty of space for the left-out portion. Have 
students fill in the blanks with whatever they think will 
make sense in the problem. To check whether students' fill- 
ins make sense, let the students tr\ to solve* the problem after 
the information is added. 

Sample: 

THESE PROBLEMS OMIT SOME INFORMATION: 

There were 2 basketball teams. How many children were 
on each 1 “am? 

Alfred bought 1 models for $ 1 . 75 each . How much change 
should he receive 1 ? 

THIS PU< >BEKM OMITS THE tjrKSTION: 

Mr’S. Nguyen bought 3 cassette tapes for S7.9N each, in- 
cluding tax She gave the clerk $30. on. 
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Activity #5: Write a word problem from a word problem 
outline. 

Materials needed: Word problem cards with the problem out- 
line and paper and pencils \ if for a written exercise i. 

Procedure: Write word problems based on problem outlines. 
You can follow the outline format used in many mathemat- 
ics texts in which just the hare, base phrases of in formation 
are given. Or you can make up your own outlines according 
to the kinds of problems you wish to practice or the language 
you would like to use. 

Sample: 

Problem uu 1 1 i nc: 

9 tables 

9 people at each table. 

How many people in all? 

Word problem written from the outline: 

There were 9 tables in the school lunchroom. Nine people 
sat at each table. How mans people in all were sitting at tile 
lunchroom tables? 

Activity #6: Write a word problem from a number sentence . 

Materials needed: Index cards w ith the number sentence sets, 
or a blackboard. L’sr paper and pencil or a worksheet for- 
mat if students are writing the problems. 

Procedure: Select sets of number sentences. This activity 
works best i f 'Tarn i lies" of number ^ententes are used t hose 
indicating inverse operations, for example, 4 x 4 = ?. 4 \ ? = 
12. 12 4 = ?.? 4 = 4, etc. I lave student s select a situation 

fur each number sentence set, then have them make up a 
problem to lit each number sentence, 'flu* problem fits the 
number sentence if tin- number sentence is the one von use 
t n so| ve t he problem 
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Sample: 

Numbc r se i 1 te 1 1 re : 

6x4 = 1 1 

6x| 1 s 24 

Corresponding word problem: 

Alex Has 4 friends. He wants to buy each friend 6 rookies. 
How many cookies does Alex need to buy in all? 

Alex lias 24 cookies. He wants to divide the cookies evenly 
unions his 6 friends. How many cookies will he Rive to each 
friend? 

The word problem activities offered here are best list'd 
with small groups of three or four students. KSL teachers 
can organize their classics into groups according to students' 
language proficiency or mathematics background. In this way. 
problems can be selected to fit the ability of each group m 
order to keep interest levels high and frustration levels low. 
Teachers can also place more proficient students (in Knglish 
or mat he mat ics i in the problem-solving groups to act as tu- 
tors for their peers. However the* groups art* arranged, it is 
often best to start with problems that require easy math- 
ematical solutions, so that students can concentrate on the 
language of the problem while they get used to the process 
of problem solving < which is often new to themi. 

The advantage of using word problem activities in tin* 
manner* described here is that they can be incorporated eas- 
ily into most KSL curricula. Word problem activities can be 
built around almost any themeor instructional objective the 
ESI. teacher might need to teach. The time spent on the ac- 
tivities can vary from a regular period each week covering 
many problems to It) or l fi minutes per day or per week to 
work on one specific problem. Most important, time spent 
doing word problems is never wasted, even if students do not 
get around to actually solving the problems until later, from 
the mathematics point of view. LHP students can gain expe- 
rience in doing different types of word problems in Knglish 
and consequently become familiar with the general processes 
required for any kind of problem solving. At the same time, 
they are provided with numerous opportunities to use their 

5 3 



Integrating Language and Mathematics Learning 



51 



second language for basic communication and communicat- 
ing meaning in mathematics. 

Closing Remarks 

Tfiis chapter has provided mathematics and KSL educa- 
tors with background information and instructional strate- 
gies that address the educational needs of LEP students. To 
this end. the authors provided a brief overview of the nature 
of the language used in mathemat ics and discussed the role 
language plays in mathematics teaching and learning. On 
the basis of this information, suggestions for the adaptation 
or development of instructional strategies that integrate 
mathematics and second language learning in the mathemat- 
ics and ESL classroom were illustrated. The underlying goal 
has been to assist teachers in the communication of math- 
ematical content to students in order to develop mathemati- 
cal and second language skills. 
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After a levs, minutes the sow bug die because it is 
lint to them and when they die they look like a 
rirele. Putting the sow buy in the projector micro- 
srope and it is see big. They have hairs in the tegs 
they 1 < it >k like tires in the hark. The sow bug look 
li ke a armadillo. 

'Hahruth et ah, p. 2b • 

Francisco, an Hispanic child of migrant workers in rural 
Texas, wrote these results from observations made while look- 
ing at a sow hug under an overhead projector microscope 
during his fifth-grade science class. Like all of’his classmates. 
In* hud entered the' fifth grade in the fall unable to read or 
write English. His home language was a nonstandard vari- 
ety of Spanish, and English was his second language. During 
his previous years at school he had acquired an adequate 
level of English proficiency for carrying out. social interac- 
tions with his teachers and peers. Academically, however, his 
competence* in English was extremely limited. Scores on a 
standardized reading test indicated that he* was funct ioning 
at the first-grade level. The best student in the class read at 
the second-grade level; others were at a preprimer stage. 
Schooling for these students, up to the start of fifth grade, 
had brought no success and very limited English-language 
proficiency for school purposes. 

A sensitive fifth-grade teacher who understood the cul- 
tural setting of his students, their level of cognitive 
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development, their lungua^' needs, and the negative effects 
of prior school experiences challenged Francisco and his class- 
mates to become readers and writers of English before the 
end of the school year. Using the content of science together 
with that of mathematics and social studies. Francisco and 
the other fifth graders made an average gain of more than 'i 
years in reading levels and developed considerable enthusi- 
asm for writing in English, their second language. The 
excitement of learning about culturally relevant sow hugs and 
armadillos in rural Texas became apparent. More important 
for long-range gains, however, was the 1 fact that these chil- 
dren developed Eng! ish-language proficiency for academic 
purposes to the extent that they could know school success. 
Specifically, among other aspects of schooling, they discov- 
ered the wonder of science inquiry and, simultaneously, 
developed the English competence needed for engaging in this 
inquiry i Huycs & Bahruth. 198f>: Haves. Bahruth. & Kessler. 
1985), A process-oriented science class using an inquiry ap- 
proach is among the optimal sources of social interaction and 
language input for facilitating acquisition of a second lan- 
guage < Kessler & Quinn, 198-1: Mohan. 19Kba. ISJHbb: 
Rodriguez & Bethel, 1981b, 

This chapter explores relationships between learning sci- 
ence and acquiring English as a second language <ESE> in 
relevant sociocultural contexts. Specifically, it considers ways 
in which science helps students with limited English profi- 
ciency <LEP> to develop in all aspects of language use at 
school: listening, speaking, reading- and writing. 

Science Processes and Language 

Science is generally defined as a sot of concepts and re- 
lationships developed through the processes of ohsrrvat ion, 
identification, description, experimental investigation, and 
theoretical explanation of natural phenomena. 

Approaches to Science 

When M’irncu is taught fVorn an inquiry-hosed, problem- 
solving orientation, students learn to define a science prob- 
lem, state si hypothesis, gather dal a. analyze data, and make* 
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statements relating the hypothesis to the data. Through sci- 
entific inquiry, students develop learning processes inherent 
in thinking: observing, classifying, comparing, communicat- 
ing, measuring, inferring, predicting, and finding space and 
time relationships. These thinking processes, applied in a 
problem-solving format, lead to the development of the con- 
cepts of science. 

A distinction between an inquiry approch to science edu- 
cation and a textbook-oriented approach is critical in any 
examination of the role of science in second language devel- 
opment. Emphasis on inquiry leads students to learn more 
about tlie "how of science than t he "what” and to understand 
that science is not a static body of knowledge but a dynamic 
quest. Overdependence on textbooks reduces the science class 
to exercises m literacy and develops a fundamental misun- 
derstanding ot tlu' nature of science. For second language 
learners, dependence on textbooks in preference to hands- 
on investigation seriously constrains the conditions that 
facilitate language development. IT students cannot under- 
stand the language of the textbook and have little or no 
opportunity to interact with others to gain meaning, their 
second language proficiency will not improve. 

A lah-hased inquiry approach to science must also lie dis- 
tinguished from science programs that rely largely on 
demonstrations by the teacher, promoting inquiry processes 
and language interactions only to a very limited extent. Sci- 
ence holds a unique position in the school curriculum in that 
it is one of the few content areas that emphasizes hands-on 
experimentation. An important dimension of science instruc- 
tion is recognition of the learner's cognitive characteristics 
and how they interact with particular strategies to determine 
the overall effectiveness of i list met ional programs. Current 
science inquiry programs stress the cognitive 1 processes of 
observing, inferring, predicting, hypothesizing, and experi- 
menting. These and similar programs provide a rich 
environment for simultaneous cognitive and linguist ic devel- 
opment. Confronted with observable natural events that set 
up a disequilibrium or cognitive conflict, in the Pingelian 
sense, children w ork hard to resolve t .he conflict if given the 
time to investigate and the opportunity to di scuss t heir work. 
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In problem solving, students must select and order var- 
ied types of data, using concepts that they already know to 
guide their search for answers to questions. This process 
leads to an understanding of new concepts and their rela- 
tionships. Associated with this process are the efforts 
students make to convert these experiences to language. 
Francisco, in his lab report on observations about a sow bug, 
saw relationships between the bug's physical appearances 
and other phenomena in his world. He saw that a dead sow 
hug looked like a circle and that the hairs on its legs together 
with its shape made it look like a tire or oven an armadillo. 

The Language of Science 

In a science textbook, abstract ideas are logically devel- 
oped and linked through a number of linguistic devices: 
repetition of key words, use of paraphrase or semantically 
similar terms, and use of logical connectors such as because, 
ftouctcr* ivfnsetfuentiy, and /or example. These connector s in- 
dicate the nature of the relationship between the parts of a 
text. They can carryout a number of semnnt ic functions. Sci- 
ence texts typically include connectors that signal addition 
or similarity, contradiction, cause and effect or reason and 
result, and chronological or logical sequence i (Vice-Murcia 
& Lnrsen-Freeman, 1983 l Although little research has been 
done to identify the difficulties that logical connectors present 
to ESI, students in the context of science learning, a studs’ 
of lb. 530 students enrolled in tirades 7—1(1 in Australia 
showed that substantial numbers of students experience dif- 
ficulty with connectives used in various types of loginl 
reasoning i Gardner, 19K(K Other logical connectors in the 
language of science may be expected to pose particular prob- 
lems for ESI, students. 

As children pass through the Piagetian stages of intel- 
lectual development, they learn first to make discoveries 
through sensorimotor activity, then to ask questions of adults, 
and finally to ask questions of themselves. An important eom- 
poneni of science instruction, especially with older learners, 
aims to promote activities in which students art 1 actively en- 
gaged in discussion with one another over the truth of 
hvpotheses presented and the meaning of data gathered. The 
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ability to ask questions, generate tentative answers, make 
predictions, and evaluate evidence as supporting or reject- 
ing the answers develops as a result of attempting to carry 
on discussions with others. 

Students gradually internalize the linguistic elements 
necessary for hypothesis testing and argumentation. Such 
internalization appears to he a prerequisite for aspects of 
proportional reasoning and other types of advanced reason- 
ing used m science. The ability, for example, to raise questions 
about a problem, generate hypotheses, make predictions, and 
design an experiment to test the hypotheses rests on the 
gradual internalization of the linguistic elements involved 
i A. Lawson. I). I. Lawson, & ( \ A . Lawson, 1984 k To the ex- 
tent that science students do not have access to these 
linguistic abilities, they cannot successfully engage in science 
inquiry that demands this kind of reasoning. Thus, ESL stu- 
dents who do not yet have the necessary linguistic elements 
in their first language or who are unfamiliar with their use 
in the second language may he expected to have particular 
difficulty in science reasoning. 

In a study of factors affecting academic achievement in a 
second language. Saville-Troike i 1984 > found that knowledge 
of vocabulary is the most important aspect of second language 
competence for learning academic content through that lan- 
guage. Knowledge of vocabulary is more important than 
knowledge of English morphology, such as plural markers on 
nouns or past tense markers on verbs, and even knowledge of 
syntactic structures foj sentence patterns. Furthermore 1 , it is 
one thing to he able to ise language socially and another to 
ust' it academically. Linguistically, the most important aspect 
of language the ESL student needs is vocahula rv. 

Specialized vocabulary is closely tied to the specific con- 
tent of science. In a study of science textbooks that are widely 
used in ( Irades b through 9. I lord. Robinson, Met nnnell. and 
K ass i 198 1 > found that more than 2. !>()() new words were in- 
troduced each year. They point out that this figure is twice 
the number of new words commonly introduced ill a foreign 
language class at the 1 same grade level. Terminology, never- 
theless, is a central feature of the textbooks that most science 
classes use as major determiners of' what students must do 
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and learn in science <Ya^ei\ While the im port a net* of 

terminology is a general problem of science educat inn. the 
abundance of new tmns post's particular problems for KSL 
learners. Keco^nition of such problems is crucial in lt^ht of 
t he evidence that knowledge of \'oealmlary is essen- 

t tal to learning academic 1 conte nt through a second lan^ua^e. 

St u denis’ ability to recognize scient ific concept definitions 
and their verbal labels is a feature of science communica- 
tion. Lynch, t’hipman. and Pachaurv t !MK5i studied a set of 
key concept words used in defining the nature ofmatter ie.o.. 
atom, solid, element r In administering epuivalent tests to 
l()th graders in Australia,, usin^t Kn^lish, and in India, us* 
in^f Hindi. thev (bund identical scon's for hot h groups, Item 
a na lysis of t he test. In iw ever, showed considerable vari at in ns 
in tile order of recognition for specific terms In one' para- 
digm deal i with spat ia) and red at ion a l not ions, for example. 
the 1 order for Kntflish spc'akers was area before mass; fur 
Hindi students t he correspond i order was mass before* area. 
In another paradigm oti the physical form of matter, fa y- 
lisfi student." scored consistently higher on tile set of Irnns 
about the states of mat ter < i e. . sol id. lic|iiicl. f I it id i st u- 

dents. on the other hand, shmvrd higher socres for trrms 
dealing with the suhst ruct u re of t he atom i i .e, . e lect run, pro- 
lim. iii'iitnin t. Hiflereuces in tin* order of development for 
science* vocabulary are attributed, at least in part, to linu'tiis- 
tii. 1 and cultural variables in the home 1 a n^un^es. Idmlm^s 
such as these have* implication-* for teaching science in KSL. 
Differences in first lan^ua^e and < illure may play a role in 
lilt* development of "CientiMc lanouaoe to an extent that i> 
o'ei iera 1 1 y < iverb Hiked . 

Tho of M'iriur i" complex, and much li;i - yd In 

lie analyzed m it > re I at i or ish i p to t In • needs of 1 1 le KS L stu- 
dent studying science. However, several ha>ic principles 
should hi ■ kepi m mind when working with the L K l * si tide! 1 1 : 

I Students acquisition ofriew t erm i iioIoil; v nr new s t rue ■ 
lure- leijime- the pi'oentat inn of tlio-e item- in -cience 
o'liirsl.-, not in 1 1 " t s of isolated item-*. 

'1 I’lio iiiute student - are phy.-irallv en waited m I lands 
on activities that involve talking about emieept", t lie sooner 
tlie I artti'ii am* of science will be ; u *i| u i red 
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3. Simultaneously, language in general will develop from 
the communicative context in which it is used (Mohan, 2988a. 
1986b ). 

Fortunately, much of the terminology and symbol system 
used in science is recognized internationally, a facilitating 
factor for the older ESL student with prior science instruc- 
tion in his or her first language. Nevertheless, the 
development of the language? of science, or the scientific reg- 
ister. is a major consideration in using science content with 
ESL students. 

Ethnoscience and Language 

Culture, as a term in social science, refers to learned and 
shared standards for ways of thinking, feeling, and acting 
'Erickson. 1986 l Teaching science across cultures requires 
taking into account cultural differences and considering how 
they affect concept development. 

All cultures have well developed theories about how the 
physical world operates. Even young children before begin- 
ning instruction in science have knowledge that they use to 
explain and make predictions about their physical world. Eth- 
mtsvn'urr refers to theories and procedures for learning about 
tlu* physical world that have evolved informally within cul- 
tures to explain and predict natural phenomena. Children, 
through membership in a cultural group anti through con- 
straints of development, bring their theories of ethnoscience 
to the Studs of formal science in the school sotting. These 
folk or naive theories provide culturally satisfactory expla- 
nations and predictions and by and large permit successful 
functioning in the physical world. They are. however, diffi- 
cult to replace or- modify in formal science instruction 
i < ’hnmpagno. 1 986 ». 

One major difference between formal science and ethnic 
science is in t lie meaning of terms. One example is the use 
of the terms refneity and (/< re/ero/ma . From the standpoint 
of et hiioseienco, those terms an* synonymous. In formal sci- 
ence they are rigorously (list i ngu ished : rr/or/f v is the rate of 
change of position, at i -vfera tran is the rate of change of 
velocity. Even after formal science instruction, however, many 
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individuals continue to confuse these terms in talking about 
forward motion. A further illustration of persistent beliefs 
about motion is commonly found in accounts of what hap- 
pens to a ball dropped by a person who is running. In spite 
of formal science study, many remain convinced that the ball 
falls straight down, failing to adopt the basic principle that 
the ball will continue to move in a forward as well as down- 
ward motion < MeOloskey. 1983 >. 

Eth unscientific theories are generally applicable to a 
much narrower range of natural phenomena than those of 
formal science. Formal science, for example, has one 
theory to explain both the motion of a ball in free fall and 
that of one rolling down an inclined plane. Ethnoseience 
may have two separate theories to explain motion in these 
different settings. 

In another example of ethnoseience. M. Smith (11)86) 
points out that Native American free and Ojibway people 
traditionally classify plants and animals according to their 
function and use. Formal science classifies them according 
to structure. While children universally carry out the 1 pro- 
cess oT classification, the system of classification made 
available to them is arbitrary. The classification systems of 
ethnoseience and formal science in this cast* art* bnl h valid, 
just different. 

Kthnoscient ific perspectives can influence all of the think- 
ing activities of science — from ohse. ration and classification 
to inference* and prediction Although formal science typically 
presents concepts as if all students conceptualize their physi- 
cal environment in the same way and ethnoseience recog- 
nizes that students from diverse cultural backgrounds may, 
in fact, differ in science-related thinking processes, the exact 
nature and extent of these differences is not fully understood, 
hi a study of spatial thinking processes for Navajo 6th- and 
lOth-gnide students, H.(i. (’olu'ii < 1985) found no substan- 
tial differences in tin* development of selected spatial abili- 
ties for American Indian children living in the traditional cul- 
ture of the reservation when compared with non- Anierican- 
Indian students. 

The extent to which science programs should be rede- 
signed to make them ethnically relevant is a matter of debate. 
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For ESL and science teachers, however, the principle remains 
that all children share a set of’ universal thinking abilities, 
regardless of first language or culture. At the same time, 
teachers must be aware that cultural differences may frame 
the view of the world differently for LEP students. The 
learner's ethnoscientific theories provide the starting point 
for science instruction and, consequently, for the ESL 
student's language development in science contexts. The ESL 
teacher and the science teacher both enter into the complex 
role of bridging cross-cultural differences and mediating in- 
torcultural understanding. 

Science and ESL teachers who fail to take into account 
ethnoscienctific viewpoints, both culture- and age-related, can 
easily misinterpret the LEP student's ability to understand 
the language of science instruction. Although the surface form 
of the language may bo understood, the underlying cogni- 
tive 1 restructuring needed to change a naive theory may not 
have occurred. Communication breakdowns may arise, then, 
not from language but from conceptual notions about the 
physical world. The necessary cognitive change may not take 
place unless or until students experience a sociocognitive con- 
flict. Such a conflict is triggered by a combination of social 
interaction and the use of manipulative materials for observ- 
ing physical events. 

Sociocognitive conflict also facilitates the acquisition of 
a second language. Engaging LEP children in social interac- 
tion not only creates internal conflict for restructuring wavs 
of thinking about the physical world, but also provides the 
language environment needed for linguistic development. 

Language Acquisition Processes 
in Science Contexts 

“Doing science" is a risk-taking activity. Experimenting 
with physical realities does not offer preset, error- proof out- 
comes, It often involves many false starts, modifications, 
restatements, and the need to gather more data as input for 
reformulating hypotheses. Likewise, “doing language," or 
acquiring a new linguistic system, is a risk-taking activity 
Experimenting with linguistic elements does not guarantee 
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successful communication, Negotiating meaning during in- 
teractions, oral t>r written, also involves false starts, editing, 
paraphrases or restatements, and the need for more input 
to reorganize or reformulate hypotheses about l he develop- 
ing language system. Risk-taking, in science inquiry or 
language use. involves hypothesis-testing processes. Such 
processes necessarily hold elements of uncertainty and the 
possibility of error or failure. The science student makes 
guesses about physical outcomes; the language student 
makes guesses about communicative' outcomes. For language 
learners, guesses apply both to meaning, or w hat is said, and 
to form, or how it is said. 

As Beebe t HlHUi observes, nearly all attempts to use a 
new language productively are risk-taking acts. Successful 
language learners are willing to take these risks in spite of 
possible negative consequences. Francisco, for example, took 
risks in writing his science lab report. He made many errors 
in form, including omission of required past tense markers, 
incorrect prepositions, pronouns marked for wrong number, 
an incorrect article, errors in the verb phrase, and omission 
of a sentence subject. For Francisco, the consequences were 
positive. The teacher praised his efforts and understood his 
intended meaning. K Hurts such as these gradually facilitated 
the development of Knglish as Francisco moved from the vir- 
tual absence of academic competence in Knglish at the 
beginning of the year to a level at w hich he functioned w ith 
consid orahle success. 

Acquiring a second language is a soeiurogniti ve process 
resulting from efforts to take part in communicative inter- 
actions. As the exchange and negotiation of conceptual, 
sociocultural, and affective content, -rience provides a form 
of social interaction that qualifies as genuine language use 
and thus as a context for language acquisition. Defining lan- 
guage acquisition as a natural, subconscious process that 
takes place when the focus is on communication of meaning. 
Krashen i 1 bK2 > argues that this process is central to second 
language development. The amount and quality of language 
that the- student receives and understands are critical fac- 
tors in determining language proficiency outcomes. 
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Science meets requirements for an optimal source of rel- 
evant, comprehensible language input, affectively positive 
conditions of high interest and low anxiety, and opportuni- 
ties to engage in genuine communicative interaction. Tapping 
the thinking processes associated with science sets conditions 
for the simultaneous dev elopment of scientific concepts and 
language. In summary, the interaction between science and 
ESL development is threefold: 

• providing language input to engage thinking processes: 

• facilitating positive affective variables; and 

• si ructuri i • . group interactions in an academic setting. 

Language Input 

Science offers a particularly rich source of input for the 
ESL learner. Ear elementary school students such as Eran- 
cisco, it provides experience in the elements ol scientific con- 
cepts and basics in the language of science. The same could 
also be said for the secondary school and college or univer- 
sity science student; the overall principles are not age depen- 
dent. Extensive use of graphics, definit ions of now terms. use 
of fairly simple syntactic structures, and explicit and easy- 
to-uiidei stand directions for carrying out investigations all 
contribute to the transmission of meanings. Input such as this 
corresponds closely to Krashcn’s < 19*2) view of optimal 
input--— comprehensible, meaningful* and relevant. Pictures, 
diagrams, graphs* and other visuals typically found in sci- 
ence t exts anti laboratory manuals supply ext ralingi list ie con- 
texts for helping LHP students grasp the intended meaning. 
Vocabulary, new to native speakers as well as ESI, students, 
is often given w ith a boldfaced definit ion or a visual This con- 
I ribut es to clarifying meaning and provides op port unit ies for 
the acquisition of terms and related language forms. Effec- 
tive science instruction draws extensively on a variety of de- 
vices. linguist ic and exl ralinguistie. to ensure com prehension. 

Science, in ninny wavs, helps the ESL learner get the in- 
put necessary for language acquisition. To the older student 
with prior science inst ruet imi. the basic types of scient if lc 
discourse may already be familiar: deseript ion>. reports, in- 
structions for laboratory procedures, accounts of experiments. 
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and statements of conclusions and generalizations. Recogni- 
tion of these discourse forms in a new language draws on 
basic scientific reasoning processes and helps to make the 
new language input understood. For younger students not 
yet familiar with these discourse uses of language, science 
1 exts and laboratory manuals present new meanings in clear, 
comprehensible language. 

In addition to the science teacher, the texts, and the labo- 
ratory manuals, the interaction of the ESi- student with peers 
serves to generate input. Interactions during science inves- 
tigations call for a wide range of language functions, 
including requesting, informing, seeking clarifications, and 
making observations. Following directions, carrying out in- 
vestigative procedures, observing results, and drawing 
conclusions constitute aspects of the genuine use of language 
found in science. Language used in science contexts such as 
these provides a rich source of input for the ESL learner. The 
oral language used in science experiences and the literacy 
demands in reading textual material, following procedures 
for conducting investigat ions, and writing follow-up reports 
contribute to the overall development of ESL. 

Affective Variables 

High interest and motivation, intrinsic to scientific in- 
quiry. an* major contributors to second language develop- 
ment. Affective variables such as motivation, self-confidence, 
and anxiety promote or hinder the mental processes govern- 
ing language development. An effective language develop- 
ment environment provides comprehensible input in a 
low-anxiety setting. Scienci meets these requirements. 

Whi'n students are actively engaged m scienci*, their focus 
is on tlie physical events taking place. Language Use revolves 
around relating observations or communicating other aspects 
of’ the investigation. Because students are focusing on tchut 
is being said-- meaning- they are not paving explicit atten- 
tion to fnni' messages are expressed— -t heir form. Errors in 
language form are passed over as long as they do not dis- 
rupt communication. If understanding does break down, 
various strategies may be used to determine the meaning and 
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continue the activity Looking puzzled, asking what a word 
means, and repeating a sentence or phrase with a question 
intonation are various strategies learners use to cope with 
not understanding. Such coping mechanisms, often referred 
to as strategic competence, are used in abundance by good 
language learners. In a supportive classroom setting, use of 
such strategies does not cause learners to become overanx- 
ious or- feel threatened. Because science experiences are 
intrinsically interesting, language learners readily use these 
strategies while 1 maintaining positive attitudes and continu- 
ing to receive the input, needed for language development. 

Affective variables play a critical role in second language 
development fur learners of all ages. Attitudes toward the 
new language and culture may intersect, with the affective cli- 
mate set in tht* classroom. Negative responses in any of these 
dimensions can inhibit second language development, just as 
very positive ones can promote it i Wong Fillmore, 1979). 

A major role of the teacher, science or ESL. is to make 
certain that students understand intended meanings. The 
teacher also keeps anxiety levels lowered by not demanding 
language production prematurely and not requiring error- 
free production whim students try to use the language. 
Correction is focused on the truth value of the language used 
in terms of scientific accuracy, interpretation, analysis, 
creativity, and evaluation. Many errors in form are naturally 
m adicatcd as tht 1 learner develops more of the language sys- 
tem. Errors in written activities, including lab reports, may 
he addressed through nont h rent riling techniques such as 
those used in teaching writing, including peer editing and 
teacher con fr renc mg (Calkins. 1 9K(> j. 

Learner Interactions and Classroom Structure 

The classroom structure, which includes instructional 
style and student composition, can inhibit or promote sec- 
ond language acquisition. 

In a longitudinal study of young children acquiring Eng- 
lish as a second language, Wong Fillmore < 19Hd) found that a 
relatively open class structure works only if enough native 
English speakers are in the class to enable sustained interne- 
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lions with the ESL learners. In an open, interactive setting, 
the amount of language input to any individual student 
depends on the student's own ability to seek out others in the 
class who speak English and to initiate some kind of mean- 
ingful exchange with them. Because of each learner's unique 
set of personality characteristics, not all students can do this 
equally well. For classrooms with a high concentration of sec- 
ond language learners, a more teacher-centered approach 
may he necessary, particularly if the ESL students share the 
same first language*. The teacher must then structure and 
manage the activities in such a way as to ensure that each 
student has adequate access to second language input. 

Science presents extensive appeal unit ies for student in- 
teraction. Laboratory work is a type of open classroom that 
provides enough structure and management to make condi- 
tions for second language development possible* oven when 
the concentration of ESL students is high. 

Science labs normally require students to work together 
in small groups. ESL learners doing science investigations 
together receive language input and participate in meaning- 
ful negotiations. Even when the 1 interaction is between non- 
native speakers of English, t lie quant it y and variety of la i- 
guage practice and the quality of the process for arriving at 
an understanding of meaning through group work continue to 
facilitate second language acquisition ' Long & Porter, lf)Xi>i. 

Science labs also provide language learners helpful varia- 
tions forgetting input. Students often have opportunities in 
a lab to act as peer tutors. In a study with Mexicun-Ameri- 
can LEI* students and monolingual English-speaking 
students. Johnson < llhSJ i found that structured peer-tutor- 
ing sessions that focused on the natural use of English led 
lu significant increases in vocabulary for the LEI* children. 
I n carefully ruelured set t ings designed for exchanges of in- 
formation in English. LEE students functioned as tutors for 
the non-LEP students in tins study. Science labs provi '** a 
similar structure in the sense that the role of tutor may al- 
ternate within the group. The ESL student may at times he 
a tutor as the group completes all the steps necessary for 
the lab, anti at other times he the one tutored. Benefits are 
deri ved in ('it her cast 1 . 
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Peer interaction must also take into account factors that 
can potentially alter its effectiveness. As Cohen and Anthony 
t 1982 i explain in detail, classroom social status affects the 
frequency of student interaction. Interaction itself affects the 
amount, of learning. They found that children with higher 
social status have more access to interaction and that chil- 
dren not fully proficient in English are perceived as having 
lower status. For peer interaction to he effective, status ef- 
fects must he treated. One program that has reported 
effective results in modifying status effects is the Fhn/in^ 
Out Dvscuhri m n'nto curriculum developed by He Avila and 
Duncan < 19S 1 >. This bilingual science mathematics program 
makes use of learning centers in which children take turns 
at various assigned roles. They gradually understand that 
new learning draws on not just a single ability hut a num- 
ber of unrelated ones. This multiple-ability approach to peer 
interaction reduces negative status effects, allowing all stu- 
dents to experience tin 3 significant learning gains from group 
interactions. Students learn to use one another as resources 
regardless of linguistic differences. Interaction in this type 
of heterogeneous grouping facilitates conceptual learning for 
all students. When classrooms are organized so that PEP stu- 
dents have access to interactive settings, students can acquire 
hot h science and English simult aneously < I >e Avila. 19Hdi. 

Cognitive Benefits 

For children developing a second language at school, ac- 
cess to two languages appears to have positive effects on 
cognitive fund inning once students teat' a certain thresh- 
old level of bilingual linguist ic competence (Cunimins. 197(5 r 
Studies from a wide range of sociocu It oral contexts indicate 
that children who know two languages may have an advan- 
tage over monoiingua I s on various measures of' cognitive 
abilities, consistent with (hunmins’s hypothesis. Positive ef- 
fects appear even before tin 3 second language learner has 
achieved fully balanced proficiency in two languages. 

In a science education program comparing monolingual 
English-speaking sixth-grade children with bilingual peers 
using ESP, Kessler and Quinn <1982. 1985> found that 
bilinguals performed significantly better than monolinguals 
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in formulating solutions to science problems. For this study, 
physical science problems were presented through 3-minute 
film loops. Students then collected data hy asking yes/no 
questions of the teacher. The film session ended with stu- 
dents writing as many hypotheses as possible in a rigorously 
controlled 12-minute period. In discussion sessions follow- 
ing presentation of the film loops and the writing of 
hypotheses, children learned how to judge their 1 own hypoth- 
eses and how to make use of their observations and inferences 
to generate hypotheses of higher quality. The ability to gen- 
erate multiple solutions to a problem illustrates an aspect of 
divergent thinking. In addition, children using ESL were su- 
perior in convergent thinking, as seen in the linguistic process 
of metaphor formation (Quinn & Kessler', 198b). The similes 
in Franciscos lab report relating sow bugs, circles, tiros, and 
armadillos give evidence of this process. Research on the in- 
teraction of cognition and language with science suggests that 
bilingual children may enter into divergent and convergent 
thinking more fully than their monolingual peers. 

Drawing on interaction between cognitive structures and 
cultural experiences, science provides the 1 external events to 
challenge existing cognitive systems by presenting inconsis- 
tencies to existing systems. Efforts to use two languages can 
also function as a source of disequilibrium cause compet- 
ing linguistic codes are available to the leas ner. This conflict 
leads bilingual individuals to build new cognitive systems at 
higher levels. Affective disequilibrium triggers the feeling 
that “something is wrong" or that “it doesn’t fit" and contrib- 
utes to the 1 process. For bilingual children, even those not 
fully proficient in the second language, efforts to make things 
fit cognitively, affectively, and linguistically in science prob- 
lem solving engage brain mechanisms that stimulate both 
language and cognitive development. This interaction facili- 
tates positive gains linguistically and cognitively for all 
children, but possibly more fully for dual -language users 
(Kessler & Quinn, 1982), 

In a study of f>4 Mexican-American LEI* third graders. 
Rodriguez and Bethel (1983) found that science inquiry fa- 
cilitated the development of classification skills and English 
oral language communication simultaneously. In a series of 
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30 science lessons that introduced scient fic concepts by re- 
quiring the manipulation of concrete objects such as rocks, 
buttons, blocks, and shells, children learned to make obser- 
vations, comparisons, and descriptions. They eventually 
learned to group objects on the basis of perceived and inferred 
attributes. Each lesson introduced specific terms appropri- 
ate to the objects, such as solubility, texture, and 
permeability. In developing the language of science* children 
learned new vocabulary in context, word meanings, and op- 
erational definitions of terms. They learned how to use the 
precise and descriptive language of science. Manipulating and 
classifying objects gave children opportunities to talk about 
something they were doing. Interactions with peers and the 
teacher were an important part of carrying out the classifi- 
cation tasks. Having something new. different, and 
interesting to talk about contributed to oral language devel- 
opment in ESL. As a result of the science lessons, scores 
improved significantly on a test of classification skills and 
on a test measuring oral language skills. The inquiry ap- 
proach used in this study specifically identifies contributions 
of the following to the 1 successful simultaneous development 
of' cognitive and linguistic processes in a science context: 

• use of manipulative materials; 

• teacher's interaction with the children; 

• peer interaction; 

• independent work; and 

• discovery of relationships through activity. 

The Finding Out / ih*sruhri m uuttn curriculum mentioned 
earlier < I>o Avila & Duncan. lt-fH-D is a bilingual science and 
mathematics program that has been effectively implemented 
in a number of schools with Spanish-dominant children ac- 
quiring English. Designed for use with small groups, the 130 
activities arc divided into 17 units covering principles >>f phys- 
ics and mathematics in a way that relates them to children’s 
interests and experience, liy structuring activities to encour- 
age collaborative problem solving, the program is directed 
toward development of higher level cognitive skills. At the 
same time, activities also make list* of both oral and written 
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languii^ in Spanish and English. Through concrete experi- 
mentation and interaction with the teacher and peers, 
students are actively involved in completing their tasks as 
they talk and work together, 

A project using the Finding Out materials with more than 
.'iOO children in nine Grade 2-4 bilingual classrooms in San 
dose, GA indicates a number of gains iDeAviln, 198a; I >e Avila. 
Cohen, & Jntili, 1981 i. The linguistically heterogeneous 
sample included monolingual Spanish-speaking and English- 
speaking children together with others at various levels of 
bilingual proficiency in Spanish and English. Results from 
the Multicultural Improvement of Cognitive Abilities iMK'Ai 
project show that participants made improvements not only 
in cognitive and academic achievements hut also in language 
proficiency. Success is attributed to factors including a class- 
room organization encouraging students to talk with each 
other while doing intellectually challenging activities and the 
availability of a wide variety of linguistic subgroups. For LED 
children, the availability of peers who can provide English 
language input is an important resource. Language profi- 
ciency gains are a by-product of problem-solving interactions 
in linguistically heterogeneous groups such as those he 
MIGA piojoct. The positive effects of one group on th mr 
argues fbr not dividing a class into separate linguistic sub- 
groups for instructional purposes. 

A typical activity for the Fintiinp Out curriculum is the 
follow ing activity taken f rom the unit on electricity i De Avila 
& Duncan. 1984 i. The teacher's guide and all materials are 
given in both Spanish and English. For purposes of i 1 1 list ra- 
tion. the English portion is provided here. 

Title: CONNECT A BULB 

Purpose: To investigate circuits 

Materials: Variety of cell batteries, insulated wire (with 3 cm o! insulation 
removed at ends), flashlight bulbs, pencils worksheets 

Corresponding Operations (Concepts): 

Inference: Predicting which bulbs will light on tnc basis of poor experience 
with batteries and bulbs 

Multiple classes/inclusion-exclusion: Identifying working and 
nonworking ways to connect batteries and bulbs 
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Inference: Understanding why some arrangements work, some don't; 
grasping concept of circuitry 

(Students working in small groups complete a worksheet to show the ways 
to connect circuits that will work They are asked to draw circuits that work 
m the box on the left-hand side of the page and those that do not in the box 
on the right-hand side.) 

Suggestions for Teacher-Student Interactions: 

1 What did you think about when you made your predictions'!* 

2 What did you notice about all the ones that worked ? How about the ones 
that did not work? 

3. In what other ways do we use circuits 9 House school towns 
phones . 9 

Vocabulary: connect, battery, bulb, wire, predict, circuit 

The teacher s role is one of’ facilitator and maunder, ask- 
ing appropriate questions and guiding tin* children's 
experiences as they work in small groups, pairs, or even 
individually at the learning centers ESL development takes 
place naturally as LHP children do the activities that em- 
phasize how children think through a given problem. 

Science Learning and 
Second Language Acquisition 

Evidence indicates that ESL students can simultaneously 
develop new science concepts and acquire a new language. 
As DoAvilu < 198!i> points out. LHP students will develop sci- 
ence concepts as readily as mainstream students, while they 
acquire English proficiency, provided that certain conditions 
art' met. This point is critical because it argues against mod- 
els of language 1 and science instruction that require certain 
levels of linguistic proficiency before the introduction of* new 
seient i He concepts. Such models may use science for language 
development hut tap basic, prior science knowledge as a 
source of input for language acquisition, dealing with new 
si - ient i fie concepts in the student's first language before in- 
troducing them in the second language • Penfield & 
(h nstein-dalu ia. 1981 i. 
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In conceptualizing an Integrative Language Development 
Approach as a counter-model in which both language profi- 
ciency and academic content can develop together. Milk 
i l985) identifies two critical elements: integration of second 
language development into regular content-area instruction 
and creation of appropriate conditions for providing input. 
Success for this model, as Milk suggests, rests on coopera- 
tive learning in heterogeneous small-group settings. This 
entails the* following: 

* grouping strategies: 

• alternate wavs for providing input: 

* techniques for making subject matter comprehensible: and 

• opportunities to develop language proficiency tor academic 
purposes. 

Given the necessary conditions, the result i> the development 
of cognitive academic language proficiency '('ALP*, the lit- 
eracy-related aspects of language use necessary for school 
success t ( 'ummins. 1981. 1984 i. 

Kvidence suggests that LHP students can develop new 
scientific concepts in either bilingual or monolingual Eng- 
lish environments. KSL is used in either cast- Whim the 
conditions necessary for second language acquisition art- 
present. English develops along with scientific concepts for 
1 .El* student s. 

ESL and Secondary School Science 

Ho 1 198*2) conducted a study of the relationship between 
physics achievement and the language of instruction with 
10th graders in Hong Kong. Ghinese students who were 
taught physics in English, their second language 1 , by a non- 
native speaker of Engl ish, learned the content of* physics as 
well as peei's who were taught in Ghinese. their native lan- 
guage. Achievement in physics was not impeded by using tin* 
second language as a medium of instruction. On an English 
proficiency tost that assessed listening comprehension, Eng- 
lish structure, vocabulary, rending comprehension, and 
writ ing ability, the mean percentile for the Ghinese KSL stu- 
dents was 54, an intermediate proficiency level. 
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A case? study conducted by Kessler and Quinn (1984) of 
the acquisition of ESL by a native speaker of Gujarati pro- 
vides evidence of substantial English-language development 
in the context of a physical science course. Data from lab re- 
ports show that during an academic year the student moved 
out of a beginning preproductive stage, systematically and 
extensively acquiring vocabulary, syntactic structures, and 
the mechanics of writing. Language development occurred 
without the teacher correcting language forms. Evaluations 
of work rested on the scientific accuracy of the reports. Data 
for the case study were 20 lab reports collected in a physical 
science class along with personal letters to the teacher in an 
ESL class during the course of the year. The science class 
mid the ESL class wen? taught by the same teacher. Written 
data for the’ lab reports prov ide a source for analyzing the 
development of form-function relationships with emphasis on 
following written directions, identifying materials, describ- 
ing procedures, making observ ations, stating hypotheses, and 
drawing conclusions. In addition to analysis of the linguistic 
system, the student’s handwriting and the mechanics of writ- 
ten English — spelling, punctuation, and capitalization — were 
examined to gain insight into acquisition of English literacy. 
Letters written in the ESL class corroborated language pro- 
ficiency shown on the lab reports. 

The student followed a format prescribed by t he teacher 
for all science reports, giving the following: 

• the title id' the science experiment as stated in the text: 

• the problem as synthesized by the student; 

• the materials as listed in the directions; 

• the procedure a> summarized from the detailed version in 
the text; 

• the presentation of findings or observations as determined 
by the actual lab experience: and 

• the conclusions drawn from the data gathered. 

Wit h I liis format, lab reports typically generated language 
that in some parts was copied from the text and in others 
was produced creatively by the student. The following 
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example of a report on the force of' friction based on direc- 
tions found in the science text ( Bickel, Eigenfeld, & Hogg, 
1973) represents the early stage of English development: 

Title: The force of friction and the waight of a Body 

Babeim, what happned to the force book. 

Materials - spring scale: loop of thread: 4 Textbook 

Procedure — Four textbook wiJI be needed for this experiment, so should 
work in groups of four d the weight of book by means of a 
spiring scale, and recoil me weight 



number of book 


weight of Book 
m newton 


force of (Friction) 

in newton 


1 


9 N 


3 N 


2 


18 N 


6 ; N 


3 


27 N 


10 N 


4 


36 N 


12 N 



Congusenel — the book differce newten and twice Itme 

The student clearly understood and followed the proce- 
dures in recording the weights and calculating the force of 
friction, arriving at a reasonably appropriate conclusion even 
though verbalization posed problems. Errors art* present for 
both copying and productive language use. but the* main 
meaning is com eyed. 

During the year the student generated increasingly mere 
productive language, anti the quality of language used i n 
writing lab reports showed marked changes. The following 
report on the solubility of sodium chloride shows the level of 
ESI, development reached by T he end of the year. 

Titais-- To Fmd the Solubility of Sodium Chloride by Evaporating a 
Saturated Solution 

Problem: find soluhi'ity of sodium chloride 

Materials- 100 mi graduate, evaporating dish, equal-arm balance, stand: 
4-mch ring, wire gauze: burner 

procedure 1) find the mass of the evaporating dish pour the solution 
into the dish 
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2) Attach the ring to the stand so that tne ring is about 10 
cm above the top of the burner 

3) When the salt appears to be dry. heat the dish strongly 
with the full flam of the burner 



1) 


mass of empty dish 


44.2 g 


2 ) 


mass of dish plus sotuheo 


66 


3) 


mass of solution 


21.8 g 


4} 


mass dish plus salt 


51.4 


5) 


mass of sait 


7.2 


6) 


mass of water 


14.6 


7) 


volume ol water (ml) 


14.6 


8) 


solubility of NaCl 


49.3 



mass of salt (g) 

- X 100 

volume of water (mil 



Congulsen: Salt is very solubility in water. 

By this stage, the student paraphrases and summarizes 
much mure extensively than at the beginning of the year, re- 
iving much less on copying from the text, and fewer errors 
appear in language forms and writing mechanics. 

ESL and Elementary School Science 

In Francisco's fifth-grade bilingual class in Pearsall, 
Texas, science was an integral part of the curriculum. Stu- 
dents, usually working with partners, regularly designed 
their own investigations. On the pattern of the high school 
physical science reports, they also wrote up their investiga- 
tions. Since all students in the class were classified as LKP. 
science activit ies in Knglish were simultaneously KSL activi- 
ties. A major project of the year was to write, as a class, a 
series of books, including two on science. Students wrote and 
edited their material, adding illustrations where appropri- 
ate. The teacher provided examples and served as a resource 
person, but did not correct the work before its publication. 

A typical science* report produced by late March of that 
year is tin* following on using an overhead projector micro- 
scope to study insects. 
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A flea 

MATERIALS: one flea, paper, protector miscroscope, two glass slides 
PROCEDURE; 

1 ) Get a dog or a cat 

2) Then get the dogs ear ana you can find a bunch ‘leas. 

3) Get the flea with your finger nails and pull it out. 

4) Put it in a small bag about the size of a cigar bag. 

5} Put the flea on a glass slide and then put Ihe other glass slide on top. 

6) Put Hie glass slide on the projector microsope. 

7) Turn on the projector miscrosope. 

8) Focus. 

RESULTS; 

First the flea was little and then the flea was big. And the flea had irke a 
needle on front of his head. The flea had like hair on there feet and on 
there back. And the flea is fat b it when it's oul of focus it looks skinny and 
little (illustration given) 

Having .started the year basically as nonreaders of Kur- 
ils h , these fifth graders literally wrote their way to leading 
through this process (Hayes, Babruth, & Kessler, 1985). 

Research evidence from teaching science in English to LEP 
students indicates that both science and language can develop 
at the same time w hen conditions for effect ive science inquiry 
and second language acquisition are met through the class- 
room structure and management. This goal entails adjust- 
ments in (he materials lo meet language needs, extensive peer 
ami teacher interactions, and intrinsically interest i ng and 
cognitively enriching activities for the ESI, student. 

Materials for Science 
and ESL Development 

Materials designed specifically for t he simultaneous de- 
velopment of scientific concepts aim ESI, arc not vet widely 
available. In most cases, teachers arc 1 left with the task of 
trying 1 4 » adapt texts and activities designed for nut ive speak- 
ers of English. Knowing how to use the materials at hand, 
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however* can lead to successful experiences for both science 
and language learning. The physical science investigations 
by a high school student, the examinations of the environ- 
ment by migrant children, the classifications made by third 
graders, the hypotheses formulated by sixth graders — all dis- 
cussed in this chapter — indicate that science and ESL can 
develop together even without uniquely prepared materials 
provided that the mater ials selected are used under appro- 
priate conditions. 

To help teachers make appropriate adaptations for sci- 
ence materials, many school districts have developed science 
curriculum guides that serve as a resource in working with 
LF P students. Wr itten by classroom teachers in many cases, 
these guides typically give specific objectives for a lesson, 
identify relevant vocabulary, and present a set of activ ities 
to carry out the objectives. Following is an example of a les- 
son designed for use with kindergnrtners. adapted from u 
science guide for the Northside Independent School District 
in San Antonio, Texas (Hayes & Pram*, 198 ni. It is intended 
for use with a wide range of English proficiency lev els. 

Physical Science Strand: ENERGY 

Sample Activities: 

1) Shake coffee cans and decide if the sound is loud or soft. 

2) Listen to a sound made by the teacher or leader with an unknown 
instrument out of sight of the children Have students identify the 
object. 

3l Listen to a rhythm clapped Identify it as loud or soft. Reproduce the 
rhythm. 

4 p Make a telephone See what w*l! carry sound vibrations 

5) Make drums from empty coffee cans and oatmeal boxes Compare the 
sounds and discuss why one is louder than the other 

6) Make a xylophone from jars to see and hear how vibrations are made 

For children acquiring English, these activities help to 
developthe concepts associated with sounds along with rel- 
evant vocabulary presented in a meaningful experience. 
Manipulating objects such as cans or jars, acquiring data 
through the senses by listening to various kinds of' sounds. 
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classifying sounds into loud or soft, and developing the con- 
cept of sound vibration are all part of scientific inquiry. 
Communicating data by identifying objects and describing 
and contrasting sounds are activities that contribute to lan- 
guage development at the same time. Activities such as 
clapping to reproduce a rhythm or following the teacher's di- 
rections to make a telephone are similar to those of Total 
Physical Response, a methodology- for second language teach- 
ing i Asher. 1982), 

For older children who can read in their first language, 
supplementary materials for the science text may help de- 
velop the language necessary to participate more fully in class 
activities and at the same time contribute to understanding 
of the science content. Kessler and Fathman il.9H;5> devel- 
oped one such set of materials to accompany a commercially 
available science series. Designed to help students get mean- 
ingful input from reading the science text and from 
interacting with the teacher and peers, the activities draw 
on a variety of cognitive and language activities, 

The following exercise for the unit on electricity and mag- 
netism for sixth grade illustrates how the text is integrated 
into the reading and writing activities ( Kessler & Fathman. 
198a, p. 85 ). 

Unit; ELECTRICITY AND MAGNETISM 

Exercise F: Read about conductors of electricity on pages 160 and 162 of 
your book Decide if each of the following things is a good or a poor 
conductor of electricity. Write it in the correct box below. 

aluminum copper wire paper 

lubber balloon eraser go'd 

silver plastic 

GOOD CONDUCTORS POOR CONDUCTORS 

(box for list/ {box for list) 

1 Why nr© some things good conductors of electricity? 

2, How are poor conductors useful? 

The items listed for clussificut ion art 1 pictured and labeled 
cither in the text itself or in tin* KSL workbook. Hefbre this 
exercise, students have completed a number of others that 
contribute to the gradual buildup of the vocabulary associ- 
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a ted with electric currents, circuits, and conductors. As they 
acquire vocabulary for these concepts they can engage in class 
inquiry built around these notions. In linguistically hetero- 
geneous classes, peers can serve as tutors to help ESL 
learners successfully complete the exercises. The teacher, 
peers, textbook, and workbook all serve as sources of input 
for language acquisition in the context of science lessons. 

At the secondary school level, a text by Fathman and 
Quinn < 19KH) is designed to provide ESL or science teachers 
with a series of ideas specifically for teaching scientific con- 
cepts to LET students. Organized around a unifying theme 
of energy, the text consists of a cohesive set of science dis- 
covery lessons together with suggested language exercises. 
All students participate in the i nvestigat ions, but the 
teacher's explanations, vocabulary, and language exercises 
can be directed to the specific needs of students at v arying 
English language proficiency levels. The language exercises 
follow a notional/functional approach, relating language func- 
tions with specific scientific concepts. Each chaptei includes 
descriptions and directions for three kinds of activities: a 
teacher's demonstration, a group activity, and an individual 
activity. The teacher's demonstration gives students the op- 
portunity to listen and observe before producing any 
language, for the group activity, students work together in 
setting up and carrying out a simple investigation. Student 
interaction is encouraged through observing, recording, and 
interpreting the data obtained. For the individual activity, 
specific directions art* given fur what to use and what to do 
Following each type of activity, suggestions are given for lan- 
guage exercises, including vocabulary, what to discuss 
'listening and speaking), and what to record ' reading and 
writing). Worksheets accompany each of the physical or life 
science activities, providing exercises for ESI, students at 
varying proficiency levels. Drawing on current approaches 
to both language and science* teaching, the text is intended 
for use by ESL and science' teachers working individually or 
as a team. It is designed for both experienced and inexperi- 
enced teachers to giv e* assistance' in teaching language while 
presenting content related to the science curriculum. 
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The following sample activity from the text is excerpted 
from the chapter on animals. The science concept for this 
chapter is to show that animals are living things that move 
from place to place on their own power. Related language 
functions emphasize making suggestions and expressing 
opinions. Science and language notes to the teacher are in- 
cluded to provide any necessary background in doing the 
activities. Science notes summarize the basic concepts around 
which the chapter is organized. Language notes give the lin- 
guistic background for the form and function relationships 
used in the science content. 

Title: ANIMALS THAT MAKE TRACKS 
Activity: Teacher demonstration 

Topic: Observing how some animals make tracks when they move 

What to Do Listen to the teacher and follow directions as the teacher 
shows you how tracks are made. 

Words to Study 

Beginning; animal, human, tracks, newspaper, clay. move. walk, print, 
across, sand, mud 

Advanced: characteristic energy of motion, pattern, a set. a series, 
evidence 

What to Discuss. 

I i Make suggestions to your classmates on how to look for tracks m 

places outside of your classroom. For example you might say. Why 
don't you look in sand for tracks 9 " or "If I were you. I d look in mud " 

2) Suggest where you think the best tracks might be found 

3i Describe different L * k patterns 

Discuss the questic is What are some animals that make tracks 9 How 
are tracks made 9 What other things besides animals make tracks 9 
What do tracks of different sizes and shapes tell us 9 Where arc- tracks 
often found 9 Why are tracks evidence of energy of motion 9 

What to Recuid 

I I Draw a picture of the tracks that some of the students made when they 
walked in the powder 

2 ) Wr ’e the names of animals that make tracks and the best p^ace to find 
the tracks 

f Appropriate forms for making these recordings are given.) 
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Activities continue with a variety of language exercises* 
Among them are drawing circles around terms, identifying 
and writing the most polite suggestions in a set, and writing 
answers to questions based on the investigation of animal 
tracks. In subsequent activities, students work in small 
groups and, later, independently on f urther elaboration of the 
concepts involving the motion of .animals and the language 
functions of suggesting and expressing opinions. 

Whether designed for kindergarten, upper elementary, or 
secondary school students, the sample* activities presented 
here are illustrative of how science and language develop- 
ment cun take place together. It can occur under the direc- 
tion of the ESL teacher or the science teacher. Successful 
implementation, however, rests tin a number of factors. In 
addition to classroom structure and management and pro- 
viding a climate for language interaction and input, a key 
factor is the ESL teacher's willingness to handle basic sci- 



ence concepts or the science teacher's sensitivity to basic no- 
tions of second language acquisit ion. For both, it is important 
to understand that the oral exchanges in the science class- 
room or laboratory contribute to the development of listen- 
ing and speaking, or spoken discourse. Writing to learn 
science < Johnston, 1985) can develop literacy for both read- 
ing and writing. The written discourse found in texts, lab 
manuals, or student-generated material is crucial for the de- 
velopment of the ability to function academically in ESL. 



Key Factors for ESL and Science 

Current approaches to science and second language edu- 
cation. based on results of both research and classroom 
practice, indicate a set of central notions for relating science 
and KSL. Evidence presented in this chapter gives particu- 
lar emphasis to the following reasons why science inquiry 
can facilitate development of ESI,: 

1. Science provides the sociocognitive conflict that spurs 
development of a new language system. 

U. Science provides a source of meaningful and relevant 
language input, using hands-on materials and texts with 
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extralinguistic devices (diagrams, charts, pictures, otheo- 
visuals) to clarify moaning. 

d. Scion cl 1 provides the positive affective conditions of 
high motivation and low anxiety. 

-I. Scion co labs pmvido extensive opportunities for small- 
group interactions in which students negotiate meaning and 
receive comprehensible language input. 

o. Science provides opportunities for heterogeneous 
grouping with the role of peer tutor alternating among stu- 
dents, which contributes to input, interaction, anti a positive 
affective climate. 

(•>. Science provides experience w ith a wide range of lan- 
guage functions. 

7. Science leads to extensive vocabulary development 
needt'd for school success. 

K, Science integrates all modalities of language use: lis- 
tening. spe king. reading, and writing. 

9. Seiei.ce provides literacy-related tasks for develop- 
ment of cognit ive academic language proficiency. 

10. Science uses prior cultural and educational experi- 
ences for developing new concepts. 

All of these factors taken together reflect the 1 optimal condi- 
tions provided through science for KSL development. 
Mow ever, classroom integration of' scieuice and language edu- 
cation will necessitate change's in current approaches to 
teacher preparation. Kor science education to affect KSL as 
fully as possible, science teachers need an understanding of 
basic principle's in second language* acquisition: KSL teach- 
ers need experience with basic processes in science inquiry. 
Although inquiry expe'rmnees are integral ineffective seienro 
programs, they may require structural adjustments in a num- 
ber of ways in orde*r to pvoniot e la n gauge dewelopme it . Hot li 
KSL and sc ieaue teachers need awareness of how to recog- 
nize and make use’ of 'conditions that faenlitatr language 
ncquisi t it in in a eniitnnl area. 
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Science gives a rich context for genuine language use. 
From a language acquisition perspective, science as inquiry 
can serve as a focal point around which oral language and 
literacy in ESL can develop. In science, the ESL teacher can 
find the content and conditions to encourage language 
acquisition. Specifically, from the ESL perspective, 
science offers the following: 

* interesting, relevant, and challenging content: 

■ opportunities for students to negotiate meaning: 

* an abundance of appropriate language input: 

* conditions for keeping students involved; 

* interactions for oral language development: 

* material for development of reading: 

* activities for development of writing: and 

* experiences with the forms and functions of English. 
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The ultimate goal of English as a second language <ESL> pro- 
grams in the elementary and secondary schools is to prepare 
limited-Engl ish-prnficient ) LKPj students for success in main- 
stream classes. To achieve this goal. the scope of instruction 
should be broad enough to embrace the language and the con- 
cepts of content-area subjects. Teaching English is not an end 
in itself, but only a means to an end: the critical outcome is 
how well teachers equip students to succeed i n school 
( Saville-Troike. 19KI>. It has been documented that second 
language students can develop and strengthen language 
skills while acquiring knowledge and academic skills that are 
crucial for success in content-area subjects (Lambert & 
Tucker, 1972). Using language as a vehicle to locus on sub- 
ject-matter content is an effective way of providing natural 
exposure to the language. 

This chapter addresses the following areas as they relate 
to ESL and social studies *nst ruction: 

• why social studies is or should be a component of ESI, 
inst met ion : 

• curriculum development and program design: 

• stuff development ami teacher t ruining: and 

• effective teaching strategies and model lessons. 

8a 
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Language and Content 

The language used for academic instruction is clearly dif- 
ferent from the language used for social communication. 
Cummins's <1980) two aspects of language* proficiency are 
context-embedded, or face- to -fact 1 communication, and con- 
text-reduced. or academic communicative pioficiency. The 1 
former is critical in establishing social relations outside the 
classroom and includes paralinguistic aids to comprehension 
such as gestures, intonation, objects, and people. The latter 
is essential for achievement in academic subjects in school 
and relies on cognition, conceptual development, end the 
more formal language used in textbooks and lectures. Re- 
search conducted in Panada i (Timmins, 1982) revealed that 
EEP c hild nut can reach native-speaker ability in context- 
embedded proficiency within 2 years. That is. within 2 years 
of exposure to the target language (English'. most children 
were* able to interact socially and affectively with peers and 
adults. Success in a social context, however, does not guar- 
antee success in an academic environment. For children to 
perform at a level comparable to that of their English-speak- 
ing peers required 5-7 years. There is a considerable gap 
between the lime second language learners are capable of 
communication and when they are able to function effectively 
in content-area classes. 

In many ESL programs. EEP students are mainstreamed 
after reaching the “threshold*' level by demonst rat ing social 
communicative proficiency. The threshold level is the degree 
of language proficiency needed for survival in a second lan- 
guage environment. If distinguishes between the language 
skills necessary Ibr basic oral communication and the aca- 
demic, literacy-related skills used for instructional purposes 
i < 'ha mot . P IS: 1 i i see Figure 2. 1 r For EE 1 1 students. academic 
subjects may pose particular problem* because they may not 
have been adequately prepared to deal with the language and 
skills necessary for contenl -urea subject matter. ( dearly. ESI. 
program* can play an active role in promoting the academic 
language proficiency of I ,EP st udent s. I hereby increasing the 
rat c of success of i on i n st t en mod second language learners. 
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ESL teachers should try to integrate language arid commu- 
nication skills with academic skills and critical thinking. The 
second language classroom should he viewed as more than a 
place for children to develop linguistic competence. It should 
he recognized as a place where students learn how to ma- 
nipulate. apply, and expand language in order to increase 
their knowledge of content-area subject matter. It should be 
recognized as a place when 1 students develop an increasing 
awareness of how to use what they know in order to under- 
stand relationships and solve problems. 

It is also evident that mainstream teachers need to be- 
come more language sensitive in conducting classes that 
include nonnative English speakers. Being aware of ESL 
methods would help those teachers incorporate activities that 
enhance language development, both oral and written, into 
content-area lessons. The need lor teacher training in con- 
tent-based English instruction was substantiated by a sur- 
vey of secondary teachers who considered their top priority 
in be strategies for ESI. instruction in the content areas 
< Met Iroarty. 11)85 i. 

( ‘hainot ' 19Sdi has designed a second language learning 
modid linked on Blooms taxonomy 'Bloom & KrathwohL 
1977 i of cognitive domains. In this model i see Fig. T 1 on the 
next page*, each of the six cognitive levels is matched w ith 
correspondi ng linguistic processes, each successive level 
building on the concepts and skills of the previous one Both 
internal « recept ive > language skills and externa I < product i ve * 
language skills are outlined for each level. The first three 
levels • - k nowledge. e* mi prehen » ion , and application, com- 
prise the survival language skill-- developed by second 
language learners as they approach the threshold level. At 
these stages, students memorize, recombine elements, and 
use language for real communication, 'file next three levels 
analysis, sviithesi*. and (‘valuation include the academic 
language skills that are critical in cunt en t -area instruction. 
At these stages, studelt’s give and receive information, give 
explanation-, mala 1 comparisons, relate ideas, draw conclu- 
sions. * \press judgment s . and make decisions 
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Chamot's Second Language Learning Model is develop- 
mental in nature and provides a basic framework for skills 
progression. The designated threshold level separates social 
from academic proficiency. Going beyond the threshold level, 
there is a high degive of correlation between the highest three 
levels and the critical thinking skills that are emphasized in 
social studies instruction. Students tire often required to draw 
conclusions, make inferences, determine relationships, and 
make comparisons in historical contexts. Furthermore, the 
vocabulary and concepts presented in social studies lessons 
provide 1 a natural means for developing higher level think- 
ing skills. The terminology and factual information become 
the vehicles for building concepts and stimulating divergent 
thinking in social studies lessons. 

Integrating Language and Content 

Learning is a holistic process that cannot be compartmen- 
talized. Too often specific skills are isolated and taught 
outside of meaningful contexts, making it difficult for the 
learner to reassemble the whole picture in applying the skills 
for real purposes. Language teaching and learning should 
be an integrated arid systematic process that provides mean- 
ingful content (Titune. 1981 I. Integrated language arts 
instruction develops oral and written communication simul- 
taneously. fostering the development of all language skills 
in meaningful contexts. In contrast, ESL lessons that focus 
only on structural patterns, for example, appear to contrib- 
ute little to students* eventual success in academic programs 
' Saville-Troike, 198-1 i. 

Furthermore, subject-matter content can and should he 
interwoven into language lessons. Anderson. Hiehert. Scott, 
and Wilkenson (1984) state that the most logical place for 
instruction in reading and thinking strategies is in social 
studies and science, rather than in separate 1 lessons about 
reading. Although the integration of rending and subject- 
matter instruction is not a new idea, there is little indication 
that such integration is commonly practiced. 

Asher (1982) and (’nrroll i 1 9(>7 t have 1 documented the 
beneficial effects of tint oral language exposure for second lan- 
guage acquisition. Social studies content provides opportu- 
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nities for naturn! language learning. allowing the learner to 
focus on the content or meaning rather than on the struc- 
ture of the language. For example, after students have 
learned about the voyages and discoveries of various Euro- 
pean explorers, they may he asked to express points of com- 
parison among them both orally and in written form. Using 
flashcards that give key information about each explorer, the 
teacher can help students form specific sentence construc- 
tions to express comparison. Following are some sample sen- 
tence patterns: 

Columbus was a Spanish explorer, and so was Balboa 
Columbus was a Spanish explorer and Balboa was too 
Both Columbus and Balboa were Spanish explorers. 

Students see an immediate application of the linguistic struc- 
t ores and will he able to make similar con. pari sons in future 
lesson s. 

New information presented in .social studies lessons is 
often a catalyst for further academic and language learning. 
"flit 1 motivation for language learning arises naturally as stu- 
dents become involved in understanding concepts of history, 
geography, culture, and on. At the same time, social stud- 
ies knowledge strengthens and enriches an increased 
awareness of self, the community, and the environment. A 
lesson on westward movement in the United State's in the 
ISHOs. for example, may activate students' interest in mi- 
gration patterns throughout U S. history. This knowledge 
may also lead them to discover more about rerent immigants 
and where they have settled, and eventually to explore how 
they t hen iso Ives fit into these patterns of movement as new- 
comers to the United Slates 

The Role of Background Knowledge 

Social studies plays an important role in the accultura- 
tion process of I, El* students. When they first come in the 
l ni ted St at es. they are expect ed to pa rt ici pa t e in cl a ssroom 
set t i ngs and to opr ml e within a society that they do not fully 
understand, because they may nni be aware of American 
rules and behavioral expect at ions, language minority stu- 
dents are at a disadvantage. UFF students bring with them 
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their cultural framework for social interaction, as well as 
subconscious assumptions about acceptable behavior and 
belief systems. Culture is the context within which people 
think, exist, feel, and relate to others I Brown, 1980k repre- 
senting a blueprint for personal and social existence. People 
unconsciously learn what to notice, what not to notice, how 
to divide time and space, how to relate to other people, how 
to handle responsibility, and, to some extent, whether expe- 
rience is seen as whole or fragmented. Recause their values 
may be dramatically different from North American values, 
foreign students may encounter confusion and conflict try- 
ing to adjust to life in the Cnited States, A social studies class 
can give LLP students an introduction to the American ex- 
perience. helping them to under stand American values and 
relationships with the outside world. 

LKP students, naturally, are as unaware of their assump- 
tions as anyone; each culture has its own reality (Hull. 197(i». 
These students can never participate fully in American soci- 
ety unless they understand the American reality. It is not 
an exaggeration to say that one of the KSL teacher's great- 
est responsibilities is to give studious tools that enable them 
to function effectively in society. 

An KSL social studies class should he concerned with 
more than historical facts, geography, and terminology. It can 
promote tin* development ofent ieal concept s of American his- 
tory, thereby helping culturally different students to 
understand their new country and its origins. In an KSL so- 
cial studies class, students can learn about the spirit of 
independence and the sense of individualism that character- 
izes American behavior. They can study I’.S. laws and 
mst itutions 1 lull ana in fact . a reflect mn of American people. 
They can identify with the colonists' struggles for freedom 
and appreciate the significance of tin* Kill of K. gilts as a pro- 
tection of this freedom. Students can discover how the I’.S. 
government functions and what is expected of responsible 
citizens. Indeed, the LSI,, social studies class can he a sup- 
port sy.stei i for LKP students who are Irv ing to adjust to a 
new culture. In expanding their knowledge. I he students en- 
vision a more realistic picture of the new culture and how 
they might operate within it. A more positive altitude and 
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concept of self in turn enhance languago proficiency (Oiler. 
Baca, & Vigil, 1978 1 . 

Curriculum Development 
and Program Design 

At the element ;yv and secondary levels, the KSL curricu- 
lum must reflect the mainstream curriculum. If students are 
to be prepared to cope with the academic mainstream, they 
must acquire not only the language skills, but also the criti- 
cal thinking and study skills required in content-area classes. 
The locally designed curricula of most school districts corre- 
late with adopted texts. Generally, schools set grade-level 
objectives by subject area that students must master as they 
progress through the system. School districts with large LEP 
populations have experienced difficulties in efforts to tailor 
content-area instruction to meet the needs of second language 
students. The following problems have become evident: 

• LEP students may not have had social studies instruc- 
tion in their native countries. 

• Social studies concepts may not have been adequately 
developed in classes LEP r tudents have attended previously. 

• The content of American social studies instruct ion may 
differ great l v from that of other count ries (there may he gaps 
in students’ knowledge*. 

• LEP students may lack the English-language skills 
needed to participate* on grade level in social studies classes. 

• Social studios materials are often too d Ticult for begin- 
ning and intermediate LEP st u denis next s assume a >peci fir 
reading level for each grade*. 

• Teachers may feed unprepared to integrate KSL and so- 
cial studies instruction wnainstream teachers need training 
in ESL methodology, and ESL teachers need content -area 
pi cpural ion 

• LEP students are unfamiliar with social studies vocabu- 
lary and have trouble keeping pare with native-English- 
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speaking students who have a broad vocabulary base in so- 
cial studies. 

* The cumulative nature of social studies often creates situ- 
ations iii which LEP students fail to grasp concepts or ideas 
because they have missed previous instruction. 

Integrating ESL and social studies instruction is by no 
means easy, but the advantages are clear. LEP students who 
progress in both language and content-area skills simulta- 
neously will make a smoother transition into the mainstream. 
Programs that make a firm commitment to integrated LSL 
and social studies instruction may find that LEP students 
demonstrate greater gains overall and require less actual 
time in special English-language classes. Results from addi- 
tional research are needed to verify this generalization. 

Curriculum Development 

Curriculum development is a major concern of proponents 
of ESL/social studies instruction. Administrators and teach- 
ers need to find ways to create meaningful learning situations 
that build on previously acquired knowledge and are realis- 
tic for the culturally different and LEP student. Through 
meaningful learning, new material becomes an integral part 
of existing cognitive structures lAusebel, F. Smith 

i 1975 » contends that a learning situation can he meaningful 
only if tlie learner can relate t he new learning task to prior 
knowledge 1 and if the task itself is related to an existing 
knowledge structure. For the teacher of social studies, this 
idea is extremely important. For the teacher of social stud- 
ies classes with LEP students who come from a wide variety 
of backgrounds, developing this idea becomes an awesome 
challenge. Is there a viable solution? One of the most effec- 
tive approaches seems to be one that makes few assumptions 
about students’ prior knowledge of social studies. Teachers 
should start with the most basic concepts and gradually de- 
velop related ideas into broader units of study. 

Rather than adapting a fifth-grade textbook for fifth- 
grade LEP students, the teacher may want to develop a series 
of’ lessons that incorporate important concepts from (trades 
1 through 4 or 5. Students who have not yet grasped con- 
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eepts introduced at an earlier level may experience difficulty 
with the fifth-grade social studies curriculum. To ensure more 
depth of understanding, particularly as it relates to histori- 
cal developments and social studies concepts, teachers may 
need to adopt an approach that is comprehensive and cumu- 
lative in nature. This does not imply a watered-down 
approach, but stresses the need for the learner to he given 
an opportunity to acquire new knowledge in a meaningful 
and relevant fashion, rather than in a piecemeal approach. 

Many of' the significant events and historical develop- 
ments covered in social studies lessons can be related to 
fundamental concepts that may nppiv to a variety of situa- 
tions and settings. before beginning a unit on the American 
Civil War, for example, the teacher should discuss the idea 
that differences can eventually lead to conflict. Students may 
well understand this concept from their own personal expe- 
riences. This understanding can he extended into an 
exploration of their awareness of social, political, and eco- 
nomic differences among groups of people and nationalities. 
The teacher can then focus on specific facts related to differ- 
ences between the North and South in the antebellum period, 
which eventually led to the Civil War. A basic concept can 
thus become the starting point for a social studies unit. An 
appreciation of such fundamental concepts and their role 
throughout history is an essential component of social stud- 
ies instruction. Students who memorize facts and figures, hut 
fail to comprehend the important concepts, will not really 
master the content of social studies. In addition, by relating 
the current unit of study to the students' own background 
knowledge, tin* teacher promotes understanding and stimu- 
lates enthusiasm for the topic. KSI, students, for example, 
may not he keenly interested in t he ( onfederaev in the hSbOs, 
but they will probably be anxious to dismiss their own per- 
sonal problems with being different. The teacher capitalizes 
on these experiences by tying them into the social studies 
concept and the events leading up to the (ivil War. 

It is important to understand that tin* content-based KSL 
curricula are not a substitute for the mainstream curricula, 
but are a preparation for them. The language of the modi- 
fied curricula may be simplified, but not at the exclusion of 
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higher level thinking skills. Curriculum developers should 
examine the requirements of the mainstream curricula and 
determine which objectives are essential for academic suc- 
cess. ESL and social studies teachers can plan staff 
development activities that enable them to share strategies 
and resources in order to implement the curricula in the must 
effective and efficient way possible. Quite often, curriculum 
writers of ESL/social studies programs develop model lesson 
plans to illustrate how teachers can relate content-area in- 
formation while reinforcing language and communication 
skills. No matter how much advance planning is done, how- 
ever. it is during the actual implementation process that a 
great deal is discovered about integrating ESL and social 
studies instruction. Teachers' real experiences help them to 
understand and assimilate successful instructional practices. 

Other school systems with large concentrations of lan- 
guage minority students have elected not to separate these 
learners from native speakers in the content-urea classes. 
Instead, mainstream teachers have been trained in ESL 
methods and provided with adapted curricular materials for 
the second language students. In hmrfax ( aunty i\/\o the 
close collaboration between ESL teachers and social studies 
teachers lias created an effective instructional setting for LET 
students. In such situations, however, it is imperative that 
educators from the two disciplines work closely together to 
provide a balanced, methodologically sound social studies 
program for these special-needs students. 

Choosing a Program 

(Jenerally speaking, the specific type of ESL social stud- 
ies program that is adopted by any school district depends 
<ai several variables: the size* of the LEI* populat ion. t he dis- 
tribution of the LEI* students throughout the district, the 
educational backgrounds of these students, the human re- 
sources available, the specific expertise of staff members, 
mandated requi rrment s of’ the school system, and the amount 
of financial support available, Because no two school districts' 
needs and resources arc* identic; ., a variety of solutions to 
the problems of ESL learners in social studies classes has 
arisen. Indeed, it is extremely important that any system 
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assess its own needs before implementing a new program, 
whether it is an entirely novel idea or one that is patterned 
after other model programs already in operation. 

School systems with large and growing numbers of lan- 
guage minority students may opt for some type of content- 
based ESL instruction that places the ESL learners in special 
or “sheltered” social studies courses. Locally designed cur- 
ricula may provide the instructional framework for such 
classes. The curricula are based on the mainstream curricu- 
lum with grade-level objectives and specific exit criteria. Text- 
books with a lower reading level are used so that the LEP 
student can comprehend reading material hut still benefit 
from the necessary application of study skills in such con- 
tent-area texts. When the proficiency level of the second lan- 
guage learners precludes the use of such texts, adapted 
materials are used. Development of simplified instructional 
materials requires considerable time and creative talent, but 
without adequate teaching materials, the success of the ESI J 
social studies classes may be undermined. Experienced teach- 
ers have also discovered that lower grade-level supplements 
to social studies programs are often appropriate. 

School systems with smaller LEP student populations 
may choose to keep these learners in the mainstream, pro- 
viding them with additional support as needed. Specially 
trained social studies teachers can be highly effective, and 
the influence of native-Knglish-speaking peers on language 
acquisition cannot be understated. In these situations, com- 
munity volunteers (perhaps bilingual) and peer tutors may 
he a possibility well worth exploring. These purnpmtession- 
alsarnl student teachers can provide valuable individualized 
assistance* to the language minority students. 

Model Programs 

School districts with a heavy influx of second language 
learners have begun to look toward content -bas^d ESL in- 
struction as a viable and preferable approach for educating 
LEP students. Seve ral different program designs have been 
developed and implemented. In the Arlington ( VA > Public 
Schools, a tremendous influx of language minority students 
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in the 1970s led to unique problems. Not only did these stu- 
dents require extra help in learning to speak, read, and write 
in English, but they also needed additional support in order 
to function in content-area classes. The fact that many of 
these newcomers were deficient in previous schooling expe- 
rience compounded the difficulties they encountered in 
American classrooms. 

The High Intensity Language Training (HILT) program 
was developed in Arlington to serve the language minority 
students in Grades 1 through 12. At both the e lorn cm t ary and 
secondary levels, the HILT program provides instruction in 
mathematics, science, and social studies as well as language 
and communication. The purpose' of the content-area classes 
is to expand students' knowledge of vocabulary and cunce pis 
while strengthening the study skills and critical thinking 
skills necessary for success in content classes in the main- 
stream. Bv preparing students with the academic prerequi- 
site's and by exposing them to key concents and terminology, 
the HILT program helps second language learners feed more 
comfortable in mainstream classes and boosts their chances 
to excel in subjects such as U.S. history and government. 

The HILT program in El Paso (TX) follows a similar ap- 
proach in preparing LEP students for the mainstream. In 
this program, students are first enrolled in special English 
classes that teach content-area vocabulary and concepts. The 
second phase is sheltered content-area courses, which are 
grade-appropriate hut designed for second language learn- 
ers. Finally, the students are placed into mainstream classes 
with their English-speaking peers. 

In the state of California, sheltered English and content- 
area courses are being implemented in many school districts. 
Sheltered English is a teaching method in which core cur- 
riculum (mathematics, reading, social studies, etc. > is 
presented to LEP students using special techniques to en- 
sure that the content is understood, Instructors may modify 
lessons (breaking down content information i, simplify lan- 
guage, make use of a variety of visual aids, encourage student 
involvement, and make frequent checks for comprehension. 
Beginning LEP students receive KSL instruction as well as 
sheltered mathematics and science*. The San Diego City 
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Schools English for LEP Students 1ELEPS1 program includes 
a comprehensive outline of topics that develop basic skills 
as well as the content areas. Instructional materials for shel- 
tered social studies classes have been locally designed, and 
sample units are available upon request. Educators have ex- 
pressed widespread satisfaction with the sheltered English 
program in terms of' gains in student knowledge of subject 
matter and overall progress in second language acquisition. 

Program Evaluation 

Evaluation of the effect iveness of ESL programs and of 
LEP students* progress is critical to continued improvement 
and success, but the method and instruments used for evalu- 
ation require careful scrutiny. By virtue of the fact that their 
English is limited. LEP students do not perform as well as 
mainstream students on standardized tests such as the SHA 
< Science Research Associates* and the California Achievement 
'Tests. Furthermore, differences and deficiencies in educa- 
tional backgrounds and experiences contribute to the 
difficulties LEP students hast* with standardized tests. On 
the other hand, standardized test results can provide help- 
ful evaluative and comparative information regarding LEP 
students' progress. 

Content-based ESL programs must provide for some as- 
sessment of student mastery of specific program and 
curricular objectives. This assessment must recur and be con- 
sistent from year to year. Such evaluative information and 
feedback is absolutely necessary for appropriate curricular 
and programmatic decisions. Evaluation is tilt' foundation for 
future planning, ongoing improvement, and modifications. 

I : n fort unately. few testing instruments art' available that 
might he List’d to evaluate LEP st udent s’ social studies knowl- 
edge. Most school districts use locally developed tests to 
monitor students' progress, hut few. if any. attempts have 
been made to collect sul >st ant i ve data for statistical purposes. 
It is hoped that further research and rollabornt ion among 
educators will result in some standardized walnut ion instru- 
ments for this purpose. 
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Staff Development and Teacher Training 

Regardless of decisions made for curriculum development 
and program implementation, the key to successful learning 
on the student s part is the teacher. It is absolutely essential 
that teachers of ESL/social studies classes have knowledge 
of second language acquisition and ESL methodology. These 
teachers also need to become familiar with the cultural back- 
grounds of their students and to develop sensitivity in 
working with culturally different learners in the school set- 
ting. These teachers will need to increase their awareness of 
various learning styles and their influence on language ac- 
quisition. Teachers of ESL 'social studies classes need 
opportunities to share ideas and experiences with other 
teachers, as well as suffu lent time to explore new instruc- 
tional strategies, materials, and resources. Stuff' development 
is a necessary component for any school w ith an LEP popu- 
lation. particularly if curricular or program innovations are 
being instituted to serve this LEP population. 

One way to meet these curricula and sli. i'f needs is 
through the formation of ' technical teams.” The purpose of 
a technical team is to develop curricula and materials for an 
ESL program and provide staff development in response to 
program needs identified hv teachers. Each need is defined, 
the tasks necessary to meet the need are outlined, and the 
needed product is produced on an ongoing basis by the tech- 
nical team. While the curricula and materials are being 
developed, staff development is provided through team in- 
teraction. demonstration, and training provided by staff 
members and consultants. Much of the planning for curricu- 
lum revision is done during t he school year, while t he act ual 
writing of curriculum guides and teaching materials is com- 
pleted during the summer months. 

In Arlington iV'Ai, for example, a group of teachers work- 
ing with beginning speakers of English at the secondary level 
identified a need for social studies materials written on a 
primer first grade level. This group met for a brainstorming 
session on what needed to he* developed and how, liy the* end 
of this session, a technical team had been formed and was 
read y to begin work. It was decided that a social studies 
reader with an accompanying consumable workbook would 
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be developed. The team also decided that it would survey K- 
4 social studies texts written for native speakers in order to 
decide what concepts and vocabulary needed to be included. 
When this task was completed, the team began to write units. 
A teacher with artistic talents was invited to join the team 
so that the materials would be illustrated. The materials were 
completed during a summer curriculum project and piloted 
during the following school year. The team surveyed the 
teachers who had used the pilot materials and made appro- 
priate revisions on the basis of the teachers' comments. Little 
was changed in the way of content or illustration, but it was 
decided to make the workbook a two-part series. A detailed 
teacher’s guide was also developed. Five years later, these 
social studies materials are still in use, and teacher satis- 
faction with them is high. 

Effective Teaching Strategies 

The experiences of Arlington's BCSL/social studies teach- 
ers since the inception of the HILT program have contributed 
to an increased awareness of what works in these content- 
area classes. Specific teaching strategies have proven to he 
highly effective in reaching LKP students. Some of these 
strategies are discussed in the following section, with prac- 
tical suggestions for incorporating these strategies into social 
studies lessons included in the discussion. These strategies 
were not devised strictly as ESL methods. They are intended 
to show' how teachers can adapt some conventional instruc- 
tional activities to take language advantage of social studies 
lessons. The strategies illustrate how teachers can readily 
use social studies content to enhance language 1 development 
and, conversely, how teachers can use language classes as a 
means of' expanding social studies knowledge. It is evident 
that content-area subject matter provides a rich body of 
knowledge through which creative instructional activities 
may emerge. 

Use of Manipulatives and Multimedia Materials 

ESL programs that include a social studies component 
must create a learning environment rich in multimedia 
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materials and manipulative^. Many of the concepts presented 
in social studies lessons are abstract ideas that may be par- 
ticularly difficult for nonnative students Pictures provide stu- 
dents with visual experiences that transcend language 
barriers. For example, describing a scene from an old western 
mining town in the 1850s is simply not the same as showing a 
photograph or picture of the scene. When language proficiency 
is a problem, verbal or written descriptions are inadequate 
and need to be supplemented with pictorial representations. 
The visual image makes an immediate impression on the 
viewer and does not rely solely on an oral or written explana- 
tion that may elude LEP students. Without such visual expe- 
riences. teachers cannot know whether they have reached all 
students with important ideas and information. 

Real objects or historical artifacts that reinforce social 
studies concepts provide students with tactile as well as vi- 
sual experiences. Concrete 1 objects bring ideas to life and 
make learning exciting and fun. Bv including kinesthetic ac- 
tivities in content-area lessons, the teacher may reach 
students who are at the lowest level of English proficiency 
and those who are predominantly experiential learners. A 
discussion of the common tools and household objects of the 
early IHth century, for example, does not have the same im- 
pact as a display and demonstration of these objects and how 
they were used. Such a display and demonstration is a memo- 
rable experience that students can relate to new vocabulary 
and concepts. 

A wide variety of media materials for social studies is 
available in most public school libraries. Large study prints 
and picture sets keyed to specific themes are useful for re- 
lating information and stimulat ing thinking in the 1 classroom. 
Filmstrips are easily adapted for use with LEP students be- 
cause the teacher cu n take ad\ ant age of the v isual experience 
while altering the actual text to accommodate for different 
levels of English proficiency. Numerous Minim films for so- 
cial studies are also available hut must he* chosen with care 
because the language is often beyond what LEP students can 
comprehend. Ideas presented in films depicting historical 
events or processes may make* reading and writing assign- 
ments associated with these ideas less difficult to process 
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< Sinatra & Stahl-Gomake, 1983). In addition, periodicals such 
as Natiafiai Geographic sc.'ve as excellent supplementary 
resources for social studies lessons. Vivid photographs and 
current themes make such resources a perfect complement 
to other instructional materials. 

Language Experiences 

Shared experiences initiate the desire for communication- 
in the ESL classroom, the teacher can use concrete experi- 
ences as stimuli for language development. In the traditional 
language experience approach, the teacher encourages spon- 
taneous language from students that eventually becomes the 
foundation for a written story < Lee & Alltm. 1983). Because 
LEI 3 students may have extremely limited abilities in spon- 
taneous oral English, the teacher may want to adapt this 
approach. In an adapted language 1 experience lesson, the 
teacher becomes a participant in an activity with the stu- 
dents. In advance, she targets specific vocabulary, structures, 
and concepts to incorporate into the lesson, and during the* 
active experience she elicits this language from students. 
Throughout the experience both spontaneous and guided lan- 
guage are evident, and literacy skills are encouraged with 
the use of flashcards and sentence strips fen’ language pro- 
duced. A story created by the class with the teacher's help is 
a natural follow-up. 

Social studies lessons lend themselves well to this ap- 
proach. In a unit on democratic government, for example, the 
teacher may want to stage an election of class officers to il- 
lustrate voting procedures and the concept of represents!! ive 
democracy. During and after the election, the class can dis- 
cuss the process and the teacher can help them put their 
ideas into writing. The experience itself makes an impact on 
the students, helps clarify meaning, and assists in long-term 
memory. Research on the kinesthetic memory system indi- 
cates that when the body is actively involved in the learning 
pn cess, ideas and concepts are integrated rapidly. Learning 
by ining is highly effective < VVaymmi, 1985). 

fhe following hypothetical example is included to illus- 
trate how an KSL/sncial studies teacher can turn to 
experiences to clarify the meaning of new concepts. 

‘lCG 
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In an intermediate-level ESL social studies class study- 
ing the role of the Constitutional (’(invention in writing the 
L T S. Constitution, the concept of reaching compromises to 
make decisions may be an entirely new idea. The social stud- 
ies teacher needs to determine whether the students can 
either recall aspects from their own experiences that might 
be similar, such as the various lawmaking bodies nf their 
countries. If the students do not clearly understand this topic, 
then the teacher must create an experience that the students 
can draw from later. For example, the students could role- 
plav various scenes from colonial times, when power was 
concentrated in the hands of a few. They could represent dif- 
ferent interest groups, each arguing to have certain law's 
passed. With the teacher as facilitator, the students will come 
to understand that they must compromise or give up certain 
wants if any progress is to be achieved. Once the students 
have understood the concept of compromise, the teacher can 
proceed with the lesson on the Constitution and how its laws 
were created. 

Managing Multilevel Classes 

Most ESL and classroom teachers have experienced the 
difficulty of working with multilevel classes. The range of 
abilities can be as great as four or five reading grade levels. 
Teachers feel that many subjects must he taught in small 
groups in order to meet individual needs. However, the wide 
range of English proficiency levels does not completely pre- 
clude total-group instruction. Because many social studies 
lessons may be in the form of directed teaching and discus- 
sion. they provide' excellent opportunities for involving the 
whole class. Students at lower proficiency levels benefit from 
the exposure to the language provided hv the more advanced 
students during oral language activities and discussions. Stu- 
dents iit advanced levels benefit from the increased amount 
of reinforcement of' vocabulary and concepts that is provided 
for beginning-level students. 

Creative drama, rote-playing, hands-on experiences, field 
trips, anti music and art projects are some of the many ac- 
tivities that can he implcmcn.ctl in the multilevel KHl/sncml 
studies classroom. Thcs" activities challenge and enrich all 
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students, regardless of language proficiency in English. Be- 
cause of differing language and ability levels, students may 
not come away from a lesson or activity with exactly the same 
gains in knowledge, but they all will have benefited from the 
experiences. 

Directed Reading Thinking Activity 

The Directed Reading Thinking Activity l DRTAl is a 
highly effective strategy that can be applied in social stud- 
ies lessons for LEP students. The three main steps of a DRTA 
are to predict, to read, and to prove. These steps motivate 
students to apply higher level thinking ski Ms. Bv brainstorm- 
ing with the class before reading about a specific topic, the 
teacher finds out how much the* students already know about 
that topic. This strategy is especially useful with ESL classes 
because of the variety and range to be found in their back- 
ground knowledge and experiences. By encouraging students 
to predict what might he in the reading, the teacher asks 
students to call on prior knowledge that might he useful in 
this assignment. Students are immediately involved in the 
topic through oral discussion and arc anxious to make ap- 
propriate guesses about what will he in the reading. As they 
read, students may have to revise their predictions, and they 
are challenged to make corrections in their ow n assumptions, 
weighing and evaluating what they know with what they 
read. In so doing, old information is assimilated into new in- 
formation. and cognitive growth occurs. The teacher guides 
students through this activity and follows up on the reading 
with questions to check comprehension of subject matter. By 
this means, tin* teacher cun find out how much the students 
actually understood and how well they can respond to probes 
of the subject matter. 

The DRTA might he used for a lesson on immigration to 
the United States in the early 2l)th century. Before assign- 
ing a reading, the teacher may discuss ESL students' own 
experiences with immigration. The class might then discuss 
all the photographs or pictures presented with the reading. 
They should compare and contrast their personal experiences 
with what is depicted. Them they might read through the 
passage in a step-by-step manner with the teacher, stopping 
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at appropriate places to make predictions about what might 
follow. Finally, the teacher will help the students to discover 
how accurate their predictions were and to summarize what 
they have read. 

Semantic Webbing 

Outlining and note-taking are advanced study skills that 
require students to summarize important ideas in specific 
formats, LEP students often have trouble developing outlines 
and taking notes because they must comprehend the entire 
message (given orally or in writing) before they can. extract 
the main ideas and important details and arrange them in 
an appropriate form. Semantic webbing is an extremely help- 
ful way to teach students how to perceive relationships and 
integrate information and concepts within the context of a 
main idea or topic i Freedman & Reynolds, 1980). The graphic 
representation afforded students by semantic webbing 
bridges the gap between concrete images and more abstract 
ideas. The core of a web is a key question or term that es- 
tablishes the purpose of the reading or topic for discussion. 
Following an oral discussion or a reading, students construct 
web strands and web supports by putting key words or 
phrases in boy -s or in some other visual arrangement. The 
boxes can thei be connected to illustrate relationships or 
subheadings under the main ideal si. Such a visual scheme 
highlights important ideas and categories, greatly aiding 
overul 1 comprehension. 

An example of semantic webbing follow s; 

REVOLUTION 

Stamp Tax quartering British soldiers Boston Massacre 

I | 

taxation without | 

representation Boston Tea Party Sons of Liberty 

In this diagram, students list events and key words about 
1 he Revolut ion in a web format . This vvoh can he extended to 
include new information anil additional details. Students can 
order event s eh roiiidogicall y to show sequence or draw dia- 
grams to show cause-and-efTeet relationships. The web serves 
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as a graphic model that stimulates students to expand on their 
own ideas in formulating concepts. For learners who have dif- 
ficulty perceiving relat ionships between main ideas and de- 
tails, the spatial arrangement helps crystallize the concepts. 

SQ4R 

The SQ4R method (Robinson. 19b2> is an effective means 
for teaching students how to outline new information pre- 
sented in a specific chapter in a social studies text. It is highly 
recommended that students develop skills in using this 
method early in the year, because it encourages them to or- 
ganize and summarize new information systematically and 
independently. Its vaiue for LKR students is that it teaches 
them a specific and routine method for breaking down diffi- 
cult reading material. The steps for SQ4R are the survey, 
questions, and reading, reciting, recording, and reviewing. 

Suri'ty. Students skim the chapter for an overview of top- 
ics and material. They read subtopics, look at visuals and 
graphs, and read highlighted vocabulary, 

Qi/i’xt ions. Students fold notebook paper in half (verti- 
cully). On the left side, they list any questions that come to 
mind about the first subheading in the chapter, thereby es- 
tablishing a purpose for reading. For example*: 

. •• • *>■: ,*•* i- ■■■; vc * [subheading] 

v\ • 1 l\ i- . T * V 1 '• - r r *'t • ' , 

i \ ■ i l ve v i' • a ? ' r i>- ■ J ' j ' * ' *'■ . 

* ' . i i * ■ ■ * • * i t} k i • - t • ■ 

f V. 

firai/rni y Students n-ad tlie text under this subheading 
to learn about the new topic and to answer the* questions 
the\ had. 

Rrcitinj*. Students t ry to answer as mans of their own 
questions as possible* from information gained from the read- 
ing. These responses should lu* oral in order to reinforce the 
new i n formal ion . 

Students write down answers to their ques- 
tions, making the* transfer from oral to written language. 
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Rerieivitig. Students immediately review what they have 
written. Then they are ready to move on to the next subhead- 
ing and repeat the SQ4R process. 

By continuing through the chapter with this method, the 
students will have created their own study sheet containing 
pertinent information about the chapter. The folded question 
sheets they have developed can be used by the teacher to test 
students on new material, providing a means of evaluative 
feedback. 

SQJR motivates students to deal with new information 
independently and efficiently while strengthening their note- 
taking skills. For LEP students in mainstream classes, this 
is one approach to difficult social studies texts that present 
heavy loads of new concepts and vocabulary. 

Paraphrasing and Summarizing 

Limited English proficiency will undoubtedly hamper stu- 
dents when they take notes in class, answer essay questions, 
and write* reports. Moreover, reproducing lessons learned by 
rote or material produced by copying t methods many students 
used in their native schools i is unacceptable in most Ameri- 
can classrooms. Therefore, paraphrasing and summarizing 
are essential skills for LEI* students. Too often, teachers as- 
sume students will develop these skills independently, when, 
in fact, these skills must he taught and reinforced through 
repented practice. 

One activity that shows students how ideas can he re- 
stated is called “Who said this?" After teaching a unit on the 
causes of the American Kevolut ion. the teacher gives students 
a list of' statements and asks them to ident ify the speaker of 
each one as either King George or Thomas Jefferson. Sample 
sentences could he, / refuse to pay taxes if l can t elect my 
men featfer or i insist that the eofonisfs fjay a inpher fax on 
tea . After students base labeled the statements hv speaker, 
they can list the reasons for their answers, Students should 
be told that they are actually paraphrasing what they have 
read. As a follow-up activity, students can write three sen- 
tences that summarize the causes of the American 
Revolution. LEI* students at a more advanced level could he 
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asked to write a chapter summary by first skimming each 
paragraph for the main idea and jotting it down. They might 
then restate the idea in their own words and use these re- 
statements for a chapter summary. 

Writing in the Content Areas 

Social studies lends itself well to the development of w nt- 
ing skills. Recognizing that there are different levels of re- 
sponse in writing, teac hers can incorporate various expository 
writing activities into social studies lessons. My following the 
writing process of brainstorming for ideas, organizing, 
prewriting, proofreading, and rewriting, teachers help stu- 
dents learn how to express themselves on paper. The* rich- 
ness of' social st tidies vocabulary and concepts provides a great 
deal of content for generative writing. In apply ing this vo- 
cabulary in writ mg exercises, students also receive reinforce- 
ment of grammar and reading skills, Controversial topics that 
may arise in social studies discussions often stimulate the 
expression of ideas and personal opinions and can challenge 
students to write more effectively and persuasively. 

Study Skills 

Social studies classes afford excellent opportunities for 
developing students' study skills. Following directions, read- 
ing maps and charts, outlining, note-taking, using textbooks, 
preparing oral and written reports, interpreting cartoons, and 
using library references are among the skills that can be re- 
inforced in content area iessons. W hile learning new subject 
matter, students can apply specific study skills for specific 
purposes. In so lining, they are not only learning new mate- 
rial. hut they are also strengthening skills that nre essential 
for academic success. Social studies content provides a mean- 
ingful contest for the application of such study skills. 
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Model Lessons 

This section outlines model lessons for elementary and 
secondary levels. These model lessons are meant to illustrate 
how a variety of teaching strategies can be combined to cre- 
ate unique experiences that stimulate students’ interest and 
promote the learning process. Teachers are encouraged to 
experiment with ideas and approaches as they develop their 
own lessons around social studies themes, for there is no one 
single best way to teach content-area subjects to language- 
minority students. The most successful lessons are the ones 
that incorporate a variety of strategies and activities into 
carefully planned learning experiences. 

Model Lesson — Elementary 

Objective - 

To provide students with an understanding of the origin and traditions of 
the American Thanksgiving holiday, and to help students develop an ap- 
preciation for this holiday as part of American culture. 

Grade level 

Primary (could also be adapted for upper elementary classes) 

Materials 

Simple illustrated book on the First Thanksgiving 
Pictures of Indians. Pilgrims, Thanksgiving foods, the feast 
Construction paper, crayons, scissors, paper bags 
Patterns for puppets of Indians and Pilgrims 
Samples of Thanksgiving foods 

Target vocabulary 

Pilgrims turkey thankful 

Indians feast together 

Thanksgiving harvest celebration 

Vocabulary need not be limited to these words during discussions of this 
lesson, but the teacher will want to make sure that the target vocabulary 
is cleariy illustrated or explained, because these words are crucial to the 
overall understanding of the lessons 

Procedure 

Motivation: The teacher begins with a discussion of celebrations, 
eliciting responses from students about celebrations they have experi- 
enced in their native countries or in the United States. The teacher asks 
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students about the meaning of these celebrations and how they might 
have changed over time. Teacher asks students what they know about 
an American Thanksgiving. Words and ideas are written on the board. 

Throughout this discussion, the teacher will want to display appropri- 
ate pictures and write important vocabulary on the board. The teacher 
will encourage all students to participate, sharing their enthusiasm for fa- 
miliar holidays and celebrations. Oral language and aural comprehension 
are promoted through a lively discussion. 

information : The teacher reads a simple story about the First Thanks- 
giving. drawing attention to illustrations that help clarify meanings and 
the concepts being taught. Students are invited to discuss the story and 
ask questions about words or concepts they do not fully understand. The 
teacher may conduct some oral drills to reinforce vocabulary or syntax 
The teacher will want to find out if this story relates to any of the stu- 
dents’ own first-hand experiences. For example, have they ever attended 
a dinner that honored some other group of people? Have they ever had 
a dinner to express thanks or appreciation for something or someone? 

The teacher may want to show a filmstrip depicting the First Thanks- 
giving. These pictures will further students' awareness of what conditions 
were like during this time and motivate them to ask questions, Students 
can be asked to write down ideas and new words as they view the film- 
strip. At the end. they may summarize what they have seen, both oraily 
and in writing. 

Practice: The teacher provides materials for students to make pa- 
per-bag puppets of Indians and Pilgrims. Students are encouraged to talk 
as they work on their puppets. When puppets are completed, students 
role-play parts as Indians and Pilgrims, reenacting the First Thanksgiv- 
ing The teacher may want to provide sample dialogues if students have 
trouble getting started on this activity. Students can be paired up to give 
them maximum opportunities for dialogue. 

The teacher then shows students some samples of typical Thanks- 
giving foods such as cranberry sauce, corn bread, pumpkin pie. and so 
on. The teacher talks about how these foods are made and where they 
come from, Students explore the foods by smelling, tasting, and touch- 
ing (for sense of texture) them The teacher elicits descriptive adjectives 
in the discussion of these foods, and students tell whether or not they 
like the foods. All such activity generates language and stimulates vo- 
cabulary development. 

Enrichment and extension : The teacher may want to set up a lan- 
guage experience activity in which students make some of the 
Thanksgiving foods (pumpkin pie, for example). Throughout the activity, 
the teacher prompts students to practice vocabulary and sentence pat- 
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terns, using flashcards and sentence strips as needed visual reinforce- 
ment. Students learn a specilic sequence of steps for making the food(s) 
and are then able to give simple directions for the procedure{s). 

The teacher may want to try having an in-class Thanksgiving dinner. 
Students participate in preparing foods and setting the table. Students 
also share ideas about being thankful, perhaps writing down some of their 
ideas to exchange with classmates. Following the mini-celebration, stu- 
dents can write simple descriptions of the preparation and actual dinner 

Integration with Other Subject Areas 

Mathematics — Students learn the song “Ten Little Indians'’ and do simple 
word problems with Thanksgiving vocabulary. 

Science — Teacher reviews the four food groups, and students learn which 
Thanksgiving foods fit into each category. 

Reading/writing — Students make “pictionanes” of Thanksgiving words, us- 
ing alphabetization and spelling skills. 

Art and drama — Students make simple costumes and stage a simple pro- 
duction of the First Thanksgiving. 

Model Lesson — Secondary 

Objective 

To provide students with an understanding of why Spain decided to ex- 
plore the New World, and to learn about the explorations of Columbus, 
Magellan. Balboa, and other Spanish explorers. 

Grade level 

Secondary ESL/sucia! studies class 

Materials 

Large wali map. flashcards, yarn 

Target vocabulary 

voyage colony navigation 

empire explore claim 

Procedure 

Motivation : Using a large wall map the teacher and students re- 
view trade routes used by Italian states and other European countries in 
the 1400s for trading with India and China Students brainstorm as to 
why Spain would want to find an alternate route. Teacher should accept 
all responses, such as: Spam wants to get rich. Spam wants to be fa- 
mous. Spain wants to be powerful (In this case, the teacher may want to 
ask the students to turn the statements into the past tense.} Students will 
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practice and develop linguistic skills by agreeing or disagreeing with the 
reasons given. This activity may be done in small groups to maximize 
individual students' oral participation. 

This part of the lesson is essentiayaecause it stimulates students to 
become involved in the new ideas. It also allows the teacher to find out 
how much background information the students have related to this topic. 

Information: The teacher uses the students’ predictions and ideas 
from the motivation section as a basis for presenting new information about 
Spanish exploration. The teacher may want to present each new explorer 
with flashcards that give explorer's name, dates of discoveries, and the 
area explored. Students will need to refer to a wall map to trace the paths 
of exploration and may find it helpful to use different colored yarn pieces 
to show where explorers traveled. Students can tell who explored, where 
they went, when they went, and why they explored. 

After the new material is presented orally and visually, the teacher 
has students skim the headings and subheadings of a reading, such as a 
chapter in a textbook that covers this unit. This is the survey part of the 
SQ4R Method. This technique may be used so that students can create 
a study sheet related to the new information. After the students have com- 
pleted this sheet, the teacher should review each subheading in the 
reading to check for basic comprehension. Students may be asked to 
state the main idea of the reading and to locate specific sentences that 
support their answers. New vocabulary pertaining to the exploration unit 
is emphasized throughout the lesson, and students are encouraged to 
use context clues whenever possible to understand anything unfamiliar. 

The teacher may want to show a filmstrip or movie about the Span- 
ish explorers to reinforce new concepts. 

Practice: The students now need to review new vocabulary and con- 
cepts that they have learned in the chapter. This is an appropriate time 
for some type of evaluation: Both short answers and essay questions 
would show an understanding of the new material, For example, students 
can write a paragraph describing Columbus s voyages, construct a chart 
listing dates, explorers, and routes the explorers used, or describe why 
Spain decided to explore westward. 

Enrichment and extension: Students need to have a chance to 
choose an activity that will enable ihem to enrich their understanding of 
Spanish explorers. They are building on new information they have 
recently learned, and they now need to apply it to a new situation 
Some possible activities to foster this extension of their learning include 
the following: 
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• Students conduct research in the library on a Spanish explorer to find 
out the route traveled, problems encountered, discoveries, and so on. 
This information can be filled in on a chart or completed on a poster. 

• Students role-play Spanish explorers in a panel discussion. The teacher 
acts as moderator and poses leading questions such as Tell us, Mr Co- 
lumbus. what problems did you encounter on your voyages? All students 
will benefit from participating and listening to the responses. 

•Students can pretend they are explorers who want to find new land 
They must describe where they want to sail, how they would raise funds, 
what they hope to find, and so on. This can be a writing activity or an oral 
discussion 

Conclusion 

In summary, it is dear that using social studies content 
as a medium for second language instruction may greatly 
enhance and accelerate LEP students' language acquisition, 
as well as assist in the acculturation process. School districts 
with established and/or growing numbers of LEI* students 
are encouraged to consider instituting classes that integrate 
the teaching oflanguage and communication skills with sub- 
ject mutter content. 



Instructional Resources 

Recommended instructional materials for ESI, social stud 
ies classes follow. 



Publisher 

Unmore Publishing Company 
P.O.Box 1545 
Palatine, IL 60078 

Roger Olsen and Lynn Reer 

1282 29th Ave 

San Francisco. CA 94122 



Creative Associates 
ESL/Bslingual Education Pro)ect 
1901 N Moore St., Suite 920 
Arlington VA 22209 



Type of Resource 

Textbook tor LEP students - 
Content Area BSL: Social Studies 
by Dennis Terdy 

Prepublication manuscript of » 
scries of beginning-level social 
studies lessons that promote 
language development— 

History Helpers 

Staff development materials and 
technical assistance 
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Steck Vaugh Company 
P O. Box 2028 
Austin. TX 78768 

Frank Schaffer 
26616 Indian Peak Rd. 

Dept. 46 

Rancho Pales Verdes. CA 92074 

O’Malley & Chamot 
Fairlax County ESL 
Content-Area Program 
3705 Crest Drive 
Annandale. VA 22003 

Addison -Wesley 
Reading. MA 01867 

Arlington County Public Schools 
ESOL Program 
1 426 N. Quincy St. 

Arlington. VA 22207 

San Diego City Schools 
Second Language Office 
4 1 00 Normal St. 

San Diego. CA 92103 



Social studies materials written at a 
lower reading level with language 
arts activities to supplement them 

Spirit masters and supplementary 
study skills workbooks 



Curriculum guide — U S. and 
Virginia Government tor ESL 
Students” 



Language Devefopment Through 
Content 

Curriculum guides and adaptea 
social studies materials 



Sample units from sheltered- 
English courses 
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Language in Education: Theory and Practice 

The Educational Resources Information (’enter i ERIC’S, which is 
supported by the Office of Educational Research and Improvement 
of the C.S. Department of Education, is a nationwide system of 
information centers, each responsible fora given educational level 
or field of study. ERIC's basic objective is to make developments in 
educational research, instruction, and teacher training readily ac- 
cessible to educators and members of related professions. 

The ERIC’ Clearinghouse on Languages and Linguistics < ERIC/ 
('LL*, onr of the specialized information centers in the ERIC sys- 
tem. is operatic] by t he ( "enter for Applied Linguistics f ( 'AL i and is 
specifically responsible for the collection and dissemination of in- 
formation on research in languages and linguistics and on the ap- 
plication of research to language teaching and learning. 

KRK"/( 'LL commissions recognized authorit ies in language and lin- 
guistics to write ak>out current issues in these fields. Monographs, 
intended for educators, researchers, and others interested in lan- 
guage education, are published under the series title, Latmua^c m 
Ed m citiun : Theory amt Pravtut 1 (LIE). The LIE series includes prac- 
tical guides for classroom teachers, state-of-t he-art papers. research 
reviews, and collected reports. 

For furl lor information on the ERIC syst cm or KR K 7( ' LL. cont act 
ERK’/( ’LL at the Center for Applied Lingu ist ics. 1 1 1 S *2 2nd Street 
N\V. Washington DC 20():i7, 1-H(H)-27I5-SJS:J4. 
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